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Abstract
This document aims at identifying open problems for research in life-cycle engineering and 
deriving a R&D roadmap. The project establishes a shared vision for enabling technologies 
capable of supporting sustainability and competitiveness through the systematic exchange of 
information among business experts, technology providers, and academics. With the support 
of a Delphi study survey the opportunities towards better methods for organizing production 
systems have been identified through incentives, tools and technologies. The document will 
present the road mapping approach and illustrate its potential benefits and will discuss 
opportunities in decision support systems for design and operation along the life-cycle as well 
as in IT-enabled solutions, including knowledge management. Internet-based workflow 
systems and virtual enterprises. With the use of web tools and a knowledge management 
platform, the results of the Delphi study have been illustrated into a structured form of 
knowledge, enabled by the potential user and open for future enrichment and development.
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1. Introduction
1.1. Main objectives o f  the research
Sustainable production is an essential requirement if mankind is to establish and maintain 
high living standards. The main objectives of the project were to identify forward-looking 
research and innovative technologies with capabilities to support sustainable growth in the 
Chemical Process Industries. On second step, to integrate knowledge on environmental 
process engineering and to promote the implementation of new technologies that will lead to 
long-term sustainability. These objectives were achieved on two major stages via:
♦♦♦ A Delphi study aimed at identifying open problems for further research and 
deriving an R&D roadmap. The project established an approach to assess the 
shared vision for enabling incentives, tools and technologies capable of 
supporting sustainability and competitiveness through the systematic exchange 
of information among business experts, technology providers and academics. 
The results’ consolidation and evaluation set the knowledge base and the 
priorities for the continuation of the effort to create structured knowledge.
The use of the Semantic web to offer a structure, able to present the information 
to the user with the use of the knowledge models such as the Ontologies. The 
upload of such form of information into a knowledge management platform lead 
to results that keep the advantage of self-evaluation and self-improvement and 
enrichment when compared to conventional forms of search such as the Google 
search engine.
A significant part of the work has been done to prepare the ground for the effective 
implementation of sustainable technologies by promoting practices and technologies with a 
potential to modernise the industry, improve efficiency and foster innovation. In order to 
achieve the overall objective, a series of more detailed objectives were determined. We 
considered:
1) Review of application of regulations, which set standards relating to efficiency in the use 
of raw materials and energy. Specifically, implementation of the Integrated Pollution 
Prevention and Control (IPPC) framework and the related regulations covering 
BATNEEC (Best Available Technique Not Entailing Excessive Cost) and BPEO (Best 
Practicable Environmental Option) were considered.
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2) Technological target setting including applications of life cycle based design, together 
with energy and waste minimization methods.
3) Better methods for organising production were studied such as implementation of e-work 
systems, applications of technology and application portals and information management 
practises.
4) Decision support systems for design and operations. Examples in design include: (i) 
process synthesis tools with a potential to re-design chemical processes and achieve 
combined economic and environmental objectives, (ii) process integration techniques. 
Examples in operations include (i) on-line and off-line optimisation technology for 
scheduling and planning, (ii) management and decision support platforms for supply 
chain management.
5) Implementation of Ontologies on Knowledge Management Platforms, consolidation of 
results and benchmarking between common practise and new technologies.
It is worth mentioning that the first step of the study included an effort to disseminate a 
questionnaire to a wide group of contacts in order to get a general perspective of the academia 
and the industry on sustainability. More than 100 questionnaires were distributed but the 
response was very limited due to the complexity and the number of the questions as well as 
the time needed for completion. At the descent of this idea, the most willing persons 
contacted were interviewed, in order to end up with the group selected and to identify the 
areas needed to be reviewed through the Delphi Study. The incentives, tools and technologies 
included in the questionnaires were an output of the interviews as well.
Finally, the study had the goal of disseminating the findings internationally to facilitate the 
application of known technical advances and encourage relevant research by proposing a 
continuation of the project.
The most important achievements were the gathering of ready-to-use knowledge as a result of 
the Delphi Study instead of performing a conventional literature review, and on the other side 
the proposal of a structured knowledge management model that could be improved, enriched 
and developed, in order to have an extended use and promote sustainability through the 
creation of a self improving network of excellence.
Chrysoula Tsoka 2005  ^Q
1.2. Defining Sustainability
Sustainable production employs financial, material, energy and human resources in a way that 
does not deplete resources or accumulate wastes that will ultimately cause production to 
shrink or cease. Sustainability metrics aim to measure the extent to which production meets 
these sustainability goals.
Sustainable society is one in which there is a sustainable balance between man, industry, 
agriculture and the environment. In particular, discharges to the environment do not exceed 
levels that can be absorbed indefinitely. Furthermore, resources taken from the environment 
do not exceed those that can be renewed indefinitely.
Sustainability can be viewed as a steady-state condition or a dynamic condition. In the steady 
state, every element of society is balanced. Thus, both every individual industrial process, and 
industry as a whole is in balance with agriculture, mankind and the environment such that it is 
taking resources and delivering products and wastes that can be consumed and replaced 
indefinitely. In the dynamic state, some resources may be depleted and some inventories may 
accumulate. (For example, we hope that standards of living and health are improving). 
However, the growth is leading to a state that ultimately will be sustainable indefinitely.
This idea of balance provides the basis for measuring the sustainability of society and 
elements within it. The resources considered include money, material, energy, information, 
and human resources. It is necessary to have such measures before we can organize society in 
general, and industry in particular, to maximize sustainable growth.
There are a great many definitions of sustainability, some of which are listed below. Most 
show a desire to make society better. However, few are sufficiently related to measurable 
parameters to form the basis for making measurable improvements. Our more mundane 
approach, based on the concept of balance, provides a basis for making changes that result in 
measurable improvements. It does not address the whole of sustainability. Thus, concerns 
with the state of society and the quality of life are outside our scope. The type of society that 
we want is a political and social problem. Our objective, in a technical project of this sort, is 
to stimulate the technology that will deliver a sustainable industry that meets societal goals set 
by others.
Chrysoula Tsoka 2005 \ ^
“ Sustainable development is a process for improving the range of opportunities that will 
enable individual human beings and communities to achieve their aspirations and full 
potential over a sustained period of time, while maintaining the resilience of economic, social 
and environmental systems” (Munasinghe 1994).
“ Providing for the needs of the present generation while not compromising the ability of 
future generations to meet theirs”(The original definition in the UN's Brundland Commission 
report on “our common future”)
"Sustainable development is environmental protection, social equity and economic growth" 
(World Business Council for Sustainable Development)
"Creating shareholder and social value while decreasing the environmental footprint along the 
value chains in which we operate" (Dupont 2001)
"Sustainable development is a very simple idea. It is about ensuring a better quality of life for 
everyone, now and for generations to come." (UK Strategy for sustainable development, 
adopted by Procter & Gamble)
However, the definition below is able to illustrate the objective and the meaning of 
sustainability in all its major aspects. According to that a sustainable industry is one that is 
capable of operating indefinitely and providing a good standard of living in a healthy 
environment. Sustainability has three interlinked strands:
Economic. The industry should earn sufficient profit to pay its costs (materials, personnel 
etc) and make a return sufficient to replace obsolescent processes and products with new 
processes and products.
Environmental. Industry should only discharge to the environment quantities and types of 
materials that can be absorbed indefinitely without ill effect. Industry should use only 
quantities and types raw materials that can be renewed indefinitely by natural processes. 
Social. Industry should provide a safe and rewarding environment for its workers, and 
should pose no hazards to the public at large.
It has to be noted that even the term indefinitely is not exactly accurate as all the systems have 
a range of time and space scales to be considered and therefore they are of limited longevity. 
Thus, what is being considered as sustainable system is one whose life span is consistent with
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its time and scale (Constanza, Patten, 1995) In the following paragraphs the three main 
aspects of sustainability are explained in detail.
1,3, Environmental aspect o f  Sustainability
The primary role of a sustainable environmental system is not to threaten critical ecosystems 
or biogeochemical systems and by any way not to use renewable sources faster than they can 
be regenerated or deplete non-renewable resources faster than a substitute is developed. 
(Ekins, Simon 2001) Sustainability of the environment thus is the protection of life-support 
systems by setting constraints to human economic activities. Some of the most important life 
support systems that need to be protected are the integrity of the atmosphere, biodiversity, 
existing stocks of exhaustible resources and renewable resources.
Integrity of the atmosphere is threatened by the gradual destruction of the substances such as 
the ozone layer resulting in global warming. Thus, protecting these substances from being 
destroyed assists in sustaining current form of life. Moreover, many industry sectors exploit 
wild plants and animals to create their products. Some of the most important developments in 
biotechnology, agricultural technology and treatment of diseases have their form of basis in 
such techniques of exploitation. The reverse of such situations is a sustainability goal itself.
The most important aspect of sustainable development in the environmental sector is the 
management and the improvement in the extraction and use methods of renewable and 
reproducible alternatives. The improvements can be considered sustainable if the next 
generations do not have to face any further constraints than the ones that already exist. Thus 
the protection and the dynamic improvement of the stocks of exhaustible and renewable 
resources is another key goal for sustainability. (Islam, Munasinghe, Clarke, 2003)
1.4. Economic aspect o f  Sustainability
This aspect is focused mainly on ameliorating human welfare by applying methods to 
increase the consumption of goods and services. The question arising from such efforts is 
whether optimal economic growth is also a key towards sustainable development. Although 
the indicators created to measure sustainability not only in economy but also in the 
environment as well as in society have been assessed properly, there is no proof that they can 
work reversibly and lead to sustainability when applied (Islam, Munasinghe, Clarke, 2003). 
As economic progress is measured by the need for consumption and the willingness to pay for
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goods, economic sustainability can be defined as the effort to maximize “the flow of income 
or consumption that could be generated while at least maintaining the stock of assets (or 
capital) which yield these beneficial outputs” (Hicks, 1946; Solow, 1986; Maler, 1990)
Today this aspect of sustainability is probably equally important to the environmental one as 
there cannot be environmental sustainability without the contribution of economic growth that 
gives the opportunity and the resources to develop and adopt new methods of production, new 
technologies, new ideas to be funded in order for the environmental aspect to be safeguarded 
and for the prosperity in each case to be used as a moving power for progress. As a concept 
economic growth itself can be considered a synonym to sustainability, especially if it is 
continuous and developing during time and as this underlines the good performance of the 
functions within an organisation.
1.5. Social aspect o f  Sustainability
Social sustainability aims at minimizing vulnerability within social systems and that can be 
interpreted by improving the health of cultural and social systems to make them powerful 
enough to tolerate unstable circumstances. The idea of a sustainable social system is to create 
such an environment for its members as to enhance their ability to work together and their 
willingness to set and achieve objectives. This can be realised though efforts to maintain the 
cultural diversity and capital, and to reinforce the networks of relationships between the 
members. Thus, the goal is to improve the overall health of the systems and develop their 
ability to adapt changes more easily. (Islam, Munasinghe, Clarke, 2003)
Again as above, this aspect is considered directly connected to the environmental aspect as it 
is obvious that the natural environment around the network of social relationships in any 
organisation affects the behaviours and the reactions of the people. It is not feasible to have a 
healthy social environment within an unhealthy natural environment. The people are 
motivated by the environmental conditions and the environmental conditions are maintained 
by people.
As the three drivers for Sustainability are described, their direct connection for the 
improvement of the quality of life of the planet is obvious. But in what aspect could this 
connection and its potential be reviewed in a way that it would offer valuable knowledge, and
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which area offers the best example for studying these aspects in order to have an overall 
picture. The Chemical Process Industry, offers this wide area where the machine interacts 
with the environmental and the human parameter and this is what the next chapter analyses.
© Chrysoula Tsoka 2005  ^5
2. Sustainable Chemical Process Industries
2.1. The Future in Process Industries
The Chemical Sciences and engineering has the mean to measure the development and 
evolution in the field of sustainability, as they have the ability to influence every aspect of the 
quality of life most of the population in Europe enjoy. Sustainable progress in the areas of 
health, environment and society is highly connected to the improvements made in the 
chemical processes. The general goal is to promote the use and reuse of renewable resources 
such as biomass and to design the processes in such a way as to optimise their performance 
and minimize the wastes and emissions produced. In the future, the currently existing plants 
will disappear, giving their place to modem units using the principles of recycling of raw 
materials and water. The outcome will be an industry producing less pollution, less harmful 
discharges, operating at lower pressure and temperature conditions (Chemistry in the 
European Research Area).
This “Sustainable Chemistry” is the way to develop the existing industry into a future tool of 
innovation and progress. For a long period the efforts were concentrated on creating “green” 
chemistry. Introduced in the 1990s, this concept was opposing to the policy existing up to that 
date that suggested polluting and then cleaning up. It was a revolution, as it was suggesting 
“the use of chemistry for pollution prevention, and design of chemical products and processes 
that are more environmentally benign” (Environmental Protection Agency). This can be 
achieved if three main directions are followed. First of all the use or alternative and renewable 
processes must be adopted such as photochemistry, biomass and bio mimetic synthesis. In 
addition to that, the reaction conditions in a process must be kept under strict vigilance so as 
not to have significant impact on humans or the environment. Finally, more effort must be 
consumed in designing less toxic and accident safer eco-compatible chemicals.
It is often the case that “green” chemistry is confused with sustainable chemistry. There is 
however a significant difference between them. While “green” chemistry focuses on 
improving the chemical processes in a way that they perform in a safe way for the 
environment and the common health, sustainable chemistry goes one step further than that. Its 
effort is to combine the use of the new tools and technologies to improve the performance of 
industry towards écologie and economic results. Economic growth and enhancement of 
quality of life must accompany an ecologically performing industry to make it sustainable. It 
is only then that a cost-benefit analysis can be made that lead to an eco-efficient plant. As a
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result, to transform an industry from “green” to “sustainable green” a chemist must minimize 
the production risk and this cannot be done unless process economics are applied in all the 
aspects of sustainable development (environmental, social and economic) (Centi, Perathoner, 
2003).
2.2. M easuring Sustainability
In order to adjust to the needs of sustainable development, the chemical industry aims to 
improve its strategic planning in order to focus on minimizing the environmental impacts. To 
achieve it is urgent that the efforts must be targeting the creation and development of new 
technologies and new methods to present the already existing services that are provided. The 
difficulty in this achievement lays in the fact that it is almost impossible for human beings to 
evaluate and manage the environmental impacts, as there are many unpredictable parameters 
that are involved such as the unforeseen reactions of the ecosphere. The evaluation of 
environmental burdens can thus be performed only if it is based on the demand to minimize 
effect of people to their surroundings.
The main problem lays in the fact that it is practically impossible to identify which substances 
are going to need an “ecological testing” in the future as they are going to become more 
hazardous for the environment. This is due to the fact that the current available knowledge for 
some substances using present technologies cannot provide a full record of information for 
each one of them.
Another dimension of the complexity the environmental evaluation has, is the erroneous 
separation of processes and technological developments from the environmental impact. The 
modem concept of the chemical industry makes it essential for the engineer to connect the 
functions of the plant with the all the other aspects of the outside world such as costs for raw 
materials, energy, wastes and final products. The ecological process engineering is the effort 
to redefine the process itself. The new definition must incorporate the meanings of all the 
stages of the production chain from the initial inputs until the final outputs, and it is after 
encountering all these aspects that the final evaluation must take place. But even this is not 
good enough unless some supplementary measurements are applied (Narodoslawski, 
Krotscheck, 1995)
This need for measuring their performance was soon realised from a number of industries that 
were already involved in a synchronised effort to make their companies more sustainable and 
competitive for the future. Certain indicators are used to measure the performance in all
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stages of production from raw materials to final storage and distribution. An indicator is 
actually an effort to present numerically some important information about a physical, social 
or economic system. Their main objectives are to promote comprehensive knowledge, inform 
decision-making and eventually measure progress at national, regional, local and company 
level. Such tools for measuring sustainability have been developed by various organisations 
such as the Organisation for Economic Cooperation and Development, International 
Organisation for Standardization (ISO), Global Reporting Initiative and others that will be 
described in more detail in a following chapter. The disadvantage of most of these attempts is 
the fact that they do not provide a global mean of measurement but only lists of indicators 
with no particular instructions on their successful implementation in order to improve 
sustainability. The most useful indicators are those presenting quotes of greenhouse emissions 
over time and measurement of supply chain and product life-cycle performance. Other 
indicators measuring raw materials from renewables, acidification, emissions to air, land and 
water or energy used per product have also proven to be useful although they are only focused 
on environmental impacts. For a complete archive of indicators more examples of social and 
economic metrics need to be considered such as economic viability, social justice and worker 
safety and development to connect the environmental performance with the social and 
economic goals (Velena, Hart, Greiner, Crumbley, 2001)
2.3. The Sustainable Process Index (SPI)
One of the aspects of measuring sustainability in the chemical process industry is by 
recording the impact of processes on the ecosphere. To employ this evaluating system 
properly it is necessary to define a reference system upon which the comparison will be made, 
according to what the Sustainable Process Index suggests. The reference system needs to have 
certain qualifications in order to achieve better performance and to be efficient. It can be said 
that the process industry is the connecting link between the environment and the society that 
lives and evolves within it. It is therefore necessary that the concept of ecology is 
incorporated within the process industry notion. The Sustainable Process Index uses 
sustainable development as its reference system and can thus obtain a long term strategic 
planning (Narodoslawski, Krotscheck, 2004).
Another most important factor in creating this reference system is that it must be structured in 
such a way as to provide the process industry with a certain level of relevance with the values 
compared and measured. Since the mass flows seem to be the most important part of checking
Chrysoula Tsoka 2005 \ g
the efficiency of the process industries as compared to the environmental impacts, these mass 
flows must be included in the main part of the reference system criteria.
Last of all this reference system is developed in accordance to the principles of both human 
and natural evolution at the same time. It could be said that there cannot be human progress in 
the long term, if it not accompanied by the principles of environmental conservation. This 
means that as long as the human progress does not harm or alter in any way the natural 
processes, both systems can be lead to a sustainable future. Although this tactic does not 
assure sustainable development, it provides the process industry with a tool that can assure the 
development of natural system’s performance (Narodoslawski, Krotscheck, 2000).
2.4, Tools and Technologies to prom ote Sustainable development
The frameworks that present various metrics and indicators to measure sustainable 
development have been evolved. However, the emerging need for integration has lead to an 
effort to connect these metrics and the plans for sustainable development with tools and 
technologies that either are already known or they are currently being improved and 
researched in order to perform towards sustainability. One of the most widely accepted 
concepts to measure sustainability in terms of systematic management is the Environmental 
Management System (EMS) that aims at improvising the companies’ performance in the 
fields of ecological production. This system is applied with the use of various tools such as 
the ISO 14001 and the system that has been implied by the European Union the EMAS. The 
Life Cycle Assessment (LCA) tool is also another option that helps in assuring the sustainable 
progress. To key to connect the concepts of sustainability with the tools used for their 
implementation, is to spend some time and resources to plan and monitor the principles 
needed and then apply these principles that will create the relationships between them 
(Robert, 2000). Tools such as the EMS and the LCA are based on a set of principles able to 
promote sustainability and thus they give the proper guidance to the companies where they 
are applied enabling them to follow the trends and developments in the modem industry 
world and to incorporate them in their strategies. The companies then obtain a high level of 
adjustment in every new change happening in their circumstances if the circumstances of their 
environment. (Robert, 2002)
Along with the tools used to improve sustainability, the application of technologies is also 
essential. Various technologies have been developed since the need for sustainability has been 
underlined and the existing technologies are making an effort to evolve. The most important
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role is now in the fields of Chemical Industry and focuses on developing technologies that 
involve innovations in recycling, and renewable materials and energy in order to eliminate the 
environmental impacts. SUSTECH (Collaborative Research and Development in Sustainable 
Technologies for the Process Industries) is one of the programmes that the European 
Chemical Industry Council (CEFIC) has created to support research and development for 
sustainability (www.cefic-sustech.org). The difficulty lays in the creation of ecotechnologies 
that are based on certain principles (eco-principles). These principles, deriving from the 
principles of ecosphere and suggest how the forms should perform in order not to derange its 
balance. The main concept of ecology is based on certain standards such as diversity, 
interdependence, material cycles, energy flow, flexibility, coevolution, area, dual nature and 
durability. It seems that the nature’s systems perform much more efficiently and wisely in 
terms of sustainability and environmental impacts than the entire human made systems 
perform after centuries of evolution and development. Therefore, it is most wise to follow the 
principles that nature performs upon, in order to recreate eco-sustainable technologies (Moser, 
1996).
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3. Quantitative and Qualitative metrics and indicators
3.1. Indicators o f  Sustainability
An indicator is a guide that gives information how far one is from the set target and what 
direction can be followed to achieve this target more efficiently. What makes a good indicator 
is the ability to identify a problem at its early stages and therefore lead to a faster solution. As 
sustainability is the link between the economic, the environmental and the social aspects of 
our communities, an efficient sustainability indicator is the one that finds the weak connection 
points between these three aspects. However the sustainability indieators should not be 
confused with the traditional environmental, economic and social indicators which are totally 
independent from one another. In sustainable development the meaning is to make these 
aspects work on a parallel interacting basis, so as to develop simultaneously and thus lead to a 
sustainable future. This relationship is illustrated in figure 3.1.1 below.
Figure 3.1.1. Sustainability indicators
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As shown above, all the parameters related to sustainability are strongly related between them 
in a way that one cannot exist without affecting the other. The water quality affects the 
materials for production and the materials for production are related to health. If the water has 
to be cleaned before entering a certain process then the cost is increasing but the materials 
obtain a better quality. This way the health hazards for the employees are also reduced and
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their working environment becomes safer leading to an increased productivity and 
minimizing the health insurance costs.
This multidimensional perspective is the eoncept of sustainable development that combines 
economic and environmental development with social balance and welfare. The purpose of 
such a development is to use the indicators to improve the quality of a society and its 
components and therefore avoid any bigger problems. The indicators inaugurate useful 
discussions between people from various backgrounds and interests that can help create the 
ideal society.
3.2. What should an indicator be like?
The main purpose of an indicator is to measure the performance of the system. The types of 
the indicators can be as many as the types of systems they are trying to evaluate. In any case, 
however, they should have certain common characteristics in order to be effective. An 
indicator should show something about the system that should be known, should be easily 
understood even by people who are not experts, should give information that can be trusted 
and finally the resulting information should be based on accessible data. Moreover, what 
needs to be noticed is the fact that the indicator should find a way to express eaeh aspect that 
is measured with a numerical result, usually in the form of a fraction. This can be quite 
diffieult especially in cases where social performance is measured. When for example the 
level of health and safety at work is being measured, this can be expressed arithmetically with 
the fraction of the expenditure on illness and accident prevention over the payroll expense. An 
indicator is useful only if it helps in the solution of a problem while this is still possible.
A safe way to measure sustainability is to use the traditional data that is already easily 
available and give solutions through the results. Although this way the results are reliable and 
understandable there is the danger to stay in traditional solutions only and not see a more 
progressive alternative.
Another scope of what an indicator should represent apart from the characteristics mentioned 
above is to have a scope, which means that the indicators should cover as many of the aspects 
of social, environmental and economic sustainability as possible with as little overlapping as 
possible. Moreover, the elements should be capable of being monitored to establish 
performance trends and the indicators should be sensitive enough to monitor any changes in 
the environmental characteristics (Harger, Meyer, 1996).
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3.3. Presentation o f  Existing M etrics
3.3.1. Dow Jones Sustainability Indexes
Many companies have outsourced the role to create and implement sustainability indicators to 
other companies so as to measure their performance and see how sustainable they operate. 
Dow Jones Sustainability Indexes (DJSI) is one of these efforts that with the help of asset 
managers set the indicators that the companies should meet to obtain a DJSI certification. The 
purpose of such an evaluation and certification is to identify the strengths and the weaknesses 
in each examined company to pin point a good investment. The leading sustainability 
companies have developed a high competency in various domains in order to attract more 
investors. Their efforts are focused in developing strategies that aim at a long-term sustainable 
business in the economic, the social and the environmental aspect. They are also trying to 
improve the financial terms as far as shareholders demand is concerned. Another aspect is the 
maintenance of the customer satisfaction by investing in customer relationship management 
and product and services innovation. Most importantly they set the highest standards of 
corporate government and they handle the human resourees with eontinuously improving 
knowledge management and organisational learning techniques.
What attracts the investors is the long-term increasing value of the shareholders that corporate 
sustainability creates. The effect of sustainability on management performance and thus on 
the overall success of a company have made this independent and reliable index a valid 
source of benchmarking an investment’s performance.
The Dow Jones Sustainability Global Index (DJSGI) includes about 2000 of the world’s 
largest capitalised companies. The best 10% are seleeted to be included in the DJSGI “best in 
Industry” approach. The index family apart from the main Sustainability Global Index 
includes other indexes aiming at covering more regional needs such as the DJSGI World 
Index that includes the DJSGI Europe Index, the DJSGI North America Index, the DJSGI 
Asia Pacific Index and the DJSGI USA Index. More specialised Indexes are the Aleohol, the 
Tobacco and the Gambling Indexes as well as the Excluding All Indexes (i.e. Tobacco, 
Alcohol, and Gambling). The main areas of corporate sustainability that are monitored 
through the annual DJSGI eomponent selection are the illegal commercial practices such as 
tax fraud or money laundering, the human rights issues, the workforce conflicts and finally 
the large disasters or accidents. The outcome is that the DJSGI provides with strategic 
sustainability information not only investors but also companies and the SAM Sustainability 
Group that is cooperating in the creation of the indexes, is planning to improve its efforts with
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more detailed rating and benchmarking services. In future all information exchange will be 
performed via an internet-based information management platform.(Knoepfel, 2001)
Another approach to the monitoring of sustainable development is the FTSE4Good indices. 
Created to measure the performance of companies that meet the globally recognised corporate 
responsibility standards, this index is the choice for the creation of Socially Responsible 
Investment Products. More specifically this index is used as an investment, research, 
benchmarking and reference tool among the companies that are tested. As far as the 
environmental aspect is concerned, the FTSE index has separated the companies in low 
impact, medium impact and high impact sectors depending on the effect they have in the 
environmental sector. Accordingly the criteria on which they are tested are different 
depending on which sector they belong. For each case there is a list of core indicators that 
must be measured and a list of desirable indicators that determine how well above average 
each company performs. These criteria change over time and they become more and more 
demanding especially for the high impact sectors.(FTSE4Good Index series. Inclusion 
Criteria 2003)
3.3.3. Global Reporting Initiative
The Global Reporting Initiative (GRI) is a multi-stakeholder process and independent 
institution that has as a main interest to develop and disseminate guidelines that are globally 
reliable and accurate. The application of these guidelines is voluntary and its scope is to 
provide the companies with a scale to measure their economic, social and environmental 
performance. The GRI was founded in 1997 by the Coalition for Environmentally 
Responsible Economies (CERES) and it became independent in 2002, while now it is an 
official collaborative centre of the United Nations Environmental Program (UNEP). The 
outcome of this collaborative work is the construction of a framework that includes all the 
documents and the guidelines (2002 Sustainability Reporting Guidelines) to help a company 
or an organisation evaluate its performance and present a sustainability report. More 
specifically, the guidelines are the base of all the documents and they belong to the reporting 
framework along with the technical protocols and the sector supplements. The second part of 
the GRI documents is called supporting documents and it includes the issue guidanee 
documents and the resource documents. In figure 3.3.3.1 below the family of documents is 
illustrated. (Sustainability Reporting Guidelines, 2002 Report)
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Figure 3.33.1. Family o f documents
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3.3.4. IChemE Sustainability Metrics
The Institution of Chemical Engineers recognised the importance of sustainable development 
for the modem Chemical Industries. The connection between engineering and sustainability is 
strong as the continuous improvement of means provided for human needs is the main target 
of an integrated industry today. The only path towards a more sustainable future is for the 
industry to have at its disposal more tools that can be used to measure the sustainability 
performance of an operating unit. Thus, the IChemE has introduced some indicators that can 
help the engineers and the companies set targets and develop their techniques for internal 
benchmarking and monitoring progress. The impact of industry has three aspects, the “triple 
bottom line” that includes as mentioned in the other indices, the environmental responsibility, 
the economic return and the social development. The metrics introduced by IChemE are 
trying to encourage more companies to follow this evaluation process and it also recommends 
the use of the Global Reporting Initiative format. The IChemE aims at gathering statistical 
information from all the companies that have implemented the metrics and thus use the 
conclusions to improve the industry performance and make recommendations. The screenshot 
in figure 3.3.4.1 below illustrates a part of the metrics classified in main and sub-categories 
along with the examples given in some cases. (The Sustainability Metrics, IChemE 2002)
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Figure 3.3.4.1. IChemE Metrics
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4. Preview of available methodologies
The production and consumption patterns that the companies use at the moment arc not 
performing according to the basic rules of sustainability. In their effort to create some 
regulations that would improve this performance of the industrial sectors and reduce their 
impact on the environment, the European Union introduced some frameworks that they 
should adopt. Although many efforts have been made during the last decades to reduce 
pollution and waste emissions, the industry has still a long way to go before they are 
considered efficient. The efforts should focus not only in performing sustainably, but also in 
reducing their contribution to non-sustainability. The concepts of “Integrated Pollution 
Prevention and Control” (IPPC) and “Best Available Technique” (BAT) form the heart of the 
current European Union approach to pollution control. The concepts, and how they are built 
into legally enforceable regulations are briefly described below. It is further described how 
they can be enforced and the proposed timetable for enforcement (http://euroDa.eu.int/comm/ 
environment/ippc/index.htm).
4.1. IPPC: Integrated Pollution Prevention and Control
The regulations are termed “integrated” pollution prevention and control because a single 
integrated policy covers the three primary forms of release, namely: to air, to water and to 
land. The major emphasis is on prevention. Thus, the preferred course of action is to develop 
processes that do not produce pollution. By eliminating the sources of pollution, the pollution 
disposal problem is eliminated. Where production of pollutants cannot be avoided, pollution 
control becomes important. Pollution control refers to the treatment of effluents so that they 
are rendered harmless, or the harm is minimized. Pollution control also concerns the choice 
of discharge medium (air, water or land), so that the environmental impact of the discharged 
treated effluent is minimized. The industrial installations that the Directive covers are energy, 
production and processing of metals, mineral industry, chemical industry, waste management 
and certain activities such as pulp and paper, tanning etc. (O’Malley, 1999).
4.2. BAT: Best Available Technique
A  central plank of IPPC is that all processes operated within the European Union should 
exhibit Best Available Technique (BAT) for minimizing pollution. For any given product, 
there should be no process, operating anywhere in the world, that is capable of making the
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product with less environmental impact. If such a process exists, the technique is “available” 
and must be adopted by every operator in the EU. If a less polluting process is developed in 
the EU, or elsewhere, the new technique becomes “available” and establishes a new norm, 
which must be adopted by every EU operator. In establishing BAT, the EU regulators may 
require the best features of more than one available technique to be adopted; thus establishing 
a performance better than that of any single current operator. In defining BAT, the regulators 
must consider patents, academic research, cost and geographical location. If regulators can be 
persuaded that superior patented or academic processes are operable (even if not operated 
yet); these ean establish BAT. Regulators consider cost. For example, if a low-pollution 
process has twice the cost per tonne for a 10% reduction in pollution, the process may not be 
considered BAT. In such circumstances, the money for pollution minimization may be spent 
more effectively elsewhere. Geography is also considered. Thus, the local conditions may 
make pollution control more difficult, or the local environment may be exceptionally sensitive 
to low levels of pollution. An example of effect of environment on pollution control 
efficiency is ambient temperatures, which can be 10 to 20 degrees C higher in Southern than 
in Northern Europe. Many pollution reduction measures are temperature sensitive; thus 
scrubbing efficiency is roughly halved for every 10 degrees C rise in ambient temperature. 
An example, of a sensitive environment may be the presence of a rare species sensitive to a 
pollutant which must be controlled to exceptionally stringent levels. Finally, BAT considers 
not only normal operating conditions but also ‘upset’ conditions. Upset conditions may 
include start-up and shut-down, and emergencies such as fire, explosion or terrorist activities. 
For example, processes that require a large inventory of toxic or hazardous materials may be 
deprecated because of the risk that such an inventory could be released under emergency 
conditions (http://eippcb.irc.es/).
4.3. B A T  Determination
BAT is determined by a comprehensive review of each class of process operated in the EU. 
Teams of industry experts are retained to develop BAT guidelines. The wide range of 
processes operated requires the production of thousands of guidance notes. The EU is 
organizing the review through its IPPC Bureau. The IPPC Bureau has established a series of 
Technical Working Groups (TWGs) where experts from EU Member States, Industry and 
NGOs work together in order to establish clear guidelines for each class of process. The 
concept of the Best Available Techniques is has been defined by the European Union as “ the 
most effective and advanced stage in the development of activities and their methods of 
operation which indicate the practical suitability of particular techniques for providing in 
principle the basis for emission limit values designed to prevent and, where that is not
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practicable, generally to reduce emissions and the impact on the environment as a whole”. 
The techniques must include both the technology used and the design of the installation 
within which these technologies perform. Available techniques are those that have the ability 
to perform both economically and under conditions that make them easily accessible to the 
users. Moreover, “best” techniques are those that perform all the above and at the same time 
operate in a protective way to the environment (Gedlermann, Rentz, 2004).
4.3.1. Enforcement o f BAT
In order for an industry to implement BAT according to the IPPC guidance, it is necessary 
that certain regulations are applied. The most common approach is in accordance to other 
similar tools of standardization such as the ISO 14040 and the Life Cycle Assessment tool. 
Thus, the EU develops a set of common rules defining BAT for each class of processes. 
These rules give strict limits on permitted releases and inventories. The permitted release 
levels will be scaled to reflect the size of installation, for example permitted release per tonne 
of product. They may also recommend required levels of operator competence and give 
guidance on preferred and deprecated process variants.
To ensure the implementation of BAT all industrial installations need a permit to operate 
which is issued in strict accord with the guidance notes for that class of process. These 
permits must include specific information on the technical characteristics of the installation 
and the limitations in the equipment that is installed. More information should be given on the 
substances and the energy used or generated, the emission resources as well as the nature and 
the quantities of the predicted emissions. Moreover, the permit must give guidance and 
information on the geographical locations that the industries are allowed to use for their 
plants, along with the local environmental conditions that must be taken into eonsideration. A 
great emphasis is given also to the precaution measures that each industry employs to prevent 
any excess in emissions that can lead to hazardous and polluting environmental impact. Any 
process operated under permit can be inspected at any time to ensure that it is operating in 
accordance with its permit to operate. Any failure can result in a compliance notice, a 
substantial fine or an order for the plant to close (O’Malley, 1999).
4.3.2. EU Timetable on BAT
The time and cost required to modify an existing process may be large. The EU recognizes 
the cost and time implications and has allowed an adjustment period of 11 years from the day 
the regulation is in force. The European Union plans that around 60,000 installations will be 
required to operate with IPPC permits by October 2007.
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The last official deadline of the European Union to adopt BAT was October 1999. As from 
October 99, the regulations apply for all new installations and to all existing installations for 
which design or operation changes are proposed. The BAT Guidance notes are formally 
incorporated into BAT Reference Documents (BREFs). The timetable requires that all 
BREFs must be completed by the end of 2005 (IPPC BREF Outline and Guide, 2000).
4.4. Consultation and Implementation
The IPPC regulations are being drawn up in consultation with certain committees that are 
active within the European Union Society. More specifically apart from the IPPC bureau, 
there is also the Expert group that is part of the European IPPC Bureau and is concerned with 
the correct implementation of the regulations. In addition to their opinion, there are also 
Member State Experts and Experts from the Industry that are cooperating with the IPPC 
bureau in an effort for constant exchange of information and update of technological 
developments. The environmental organisations also participate in this exchange of 
information especially in the field of BAT implementation. Finally, the licensing authorities 
of the EU Member States are responsible to issue the BAT permits and the European 
Commission is authorised to supervise the correct implementation of the Directive from eaeh 
Member State. To ensure there is no illegal industry within the EU, the public has access to 
all the BAT and IPPC documents as well as to the BREFs and their participation is essential 
to the progress of these constitutions and the protection of the environment 
(http:/7eiiropa.eu.int/comm/environment/ippc/index.htm).
In order to implement all the directions necessary and coordinated by the European Union it is 
more that essential to understand why it is neeessary to dedicate hard word and preparation 
before these changes become reality. It is often the case that many of the measures need to be 
applied in each case an industry wants to apply BAT has to confront similar objectives that 
can be hard to separate and even distinguish. Then the question arising is how to launch a 
coordinated approach?
In other cases the issue is multiple measures but with different importance for the industry, 
government or society. The idea in this case is to locate which aspect is most important and 
towards which the effort should focus in order to achieve the best result. But the how of this 
information can lead to a complete research in which many sides have to contribute and input 
opinions. The main contribution needed is from the industry point of view and from the 
research and development point of view. The first will represent the actual ability and
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acceptance of application and the second is the generation of ideas and vision of application 
in order to achieve the best available results.
However there is also another complexity that the measures may contain. The different 
contexts defined over multiple measures. The difficulty in this case is how to address them all 
and how to monitor the resources that support information in each one of them. The various 
and huge amounts of scattered information concerning each case of Best Available 
Techniques and actions already taken should be able to be traced in an organised form that 
can be updated and retrieve the information automatically and classified according to each 
search made. This concept can becorhe reality with the use of technologies such as 
Knowledge Management Platforms that are described in a later Chapter. The challenges and 
the next steps of work needed can be seen below in connection to what has been commented 
above.
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5. Challenges and proposed work
5.1. M ultitude and size o f  knowledge
As it is mentioned in the previous chapter, the implementation of all the regulations and the 
legal requirements for the integrated application of sustainable development, have created a 
complicated environment that makes the practice of new elements that appear, difficult. This 
is due to the fact that the concept of sustainable development is a wide one, and therefore the 
knowledge that stems from this concept can find implementation in most of the industrial 
sectors, as well as in all the parts of production line and manufacturing, creating a huge 
network of possible uses.
In order to control this information, there are some necessary actions that need to be taken and 
this thesis is trying to make a significant contribution to that. According to the observations 
and the study made there are two steps that were taken. The first step is to acquire the 
neeessary knowledge and information as well as opinions for this information. The second 
step in to organise this knowledge and to propose the best way of implementing it and 
sustaining it.
In accordance to all the above, the information is widely spread amongst many fields and it 
requires a big effort in many aspects to create an organised proposal for the future. 
Sustainability means continuous growth and in the process industry as well as in all the 
industries, this must be part of all the functions. The continuously changing incentives that 
motivate the practice of sustainability, the tools and methods that are being improved and 
modernised, and the technologies that are being developed along with the existing ones that 
are being optimised, have created an expanding network of knowledge.
5.2. Conflicting perspectives
The main efforts of the industry regarding the organisation of this extended knowledge, are 
focusing on classifying the available information accordingly, and thus, inaugurating the 
beginning of a new era in the chemical and process industries in general, marked by the effort 
for continuous ecological and economic inflorescence. In this study, the effort made had as an 
objective the identification and presentation of the existing knowledge, the classification of 
the resources and the fields of the available information and the proposal of a reliable way to
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organise, promote and make this information available to the scientific community, the 
industries and the wide public.
The information, however, is not easily recovered and classified, as there are many 
parameters that create difficulties. The problems appear either because the research is using 
the wrong tools, or because the information is complex. In order to avoid the first, this study 
has made an effort to understand and record the main aspects of sustainable development. The 
most important ones are the incentives that can motivate the industry to follow a strategy 
towards a more sustainable future, the tools and methods that are being employed and the 
technologies used in these methods and how they all collaborate for the common evolvement. 
.To achieve this, it was necessary to withdraw information from those that were most 
appropriate for that. These were the experts from both the academic and the industrial world 
and the method that was used to obtain the results needed was the Delphi method that is 
described thoroughly in the next chapter. The difficulty lays in the fact of choosing the correct 
panel members and of looking for the right piece of information.
The second aspect is the complexity of the information as it was mentioned above. The 
available information is dynamic and diversified as it refers to large communities and various 
fields. The interactions among those fields are many and the Internet within whieh they are 
presented can only contribute to a more impersonal approach. Therefore, the proposal of this 
study, as it appears from the results of the Delphi study performed, is the creation of a 
Knowledge Management Platform. One of the main attributes of the Internet is the ability to 
create a link between people and information and vice versa. People can find any information 
easily and can improve their knowledge, and anyone who can offer a new knowledge can as 
easily provide it and make it available. This is the communieation through shared knowledge. 
In order for this to work properly, the interface of the available knowledge must be simplified 
and easily accessible for the user and the contact with the information must be direct and 
reliable.
The main problems that the World Wide Web faces in the domain of providing information 
are the search for information, the presentation of the information and the electronic 
commerce application. The users can easily get lost between the thousands of documents of 
the irrelevant subjects, and in addition to that, most search engines are unreliable and they 
provide a large sum of results that are often useless. In addition to that, the web must present 
the information in various forms in order to satisfy various needs and people of various 
backgrounds. Thus, one of the emerging needs of the web is the use of tools for translating 
and transforming the information in the texts to make it accessible to the wide public. This
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information for the information is called “metadata” and helps to achieve the best possible 
organisation of knowledge. The second problem is actually connected to the first one. It refers 
to the difficulty in maintaining the web and the need of new tools is intense in this field also. 
The inability to conserve leads to a huge amount of sites that include inconsistent and 
unreliable information. The conservation of the Internet is extremely costly and the available 
resources and tools are limited. The solution seems to be the development and evolution of 
the semantic web as it is described in a next chapter and the establishment of knowledge 
management platforms as it is outlined below. (Fensel, Hendler, Lieberman, Walhster, 2000)
5.3. The survey outline
The decision to use the Delphi method as the tool to abstract the amount of information 
needed is the first step that will provide the relevant knowledge and thus, create the base for 
the formation of a tool that will organise and present correctly this information.
The outline of the study as it is presented in the next chapter, is following the procedure of the 
Delphi method as it is described in the relevant bibliography. The main idea is the structure of 
a short questionnaire that will be distributed among experts of both the academic and the 
industrial world, and these panel members will have agreed to contribute in advance. What 
makes the difference from, the common questionnaires is the unanimity of the members, and 
the fact that the feedback is helping in improving the questions and redistributing the 
questionnaire for three or more rounds, in order to achieve the best possible opinion from 
each member.
After the information is gathered, the results are analysed using statistical methods such as 
means and standard deviation that are interpreted and the conclusions made are presented in 
chapter 7. The advantage of this method is the expertise of the participants that help avoiding 
the bulk of irrelevant information.
The result is that the real problems and actual needs arise and the path to the most reliable 
solution is made clear. The recognition and evaluation of the situation can prove of primary 
importance in defining the fields for future research and the tools, methods and technologies 
that are most likely the “golden gate” towards sustainability. The categorisation of this 
information will lead to the next step that is the main proposal of this study, and is the 
creation of an Ontological structure of the resources that will form a platform for the 
facilitation of the industrial users and the wide public, as it is described below.
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5,4. Proposal o f  systematic methodology
Following the survey described above, the next step is establishing the correct environment 
within which the information can be retrieved and classified correctly. It is known that in the 
early days of the World Wide Web the techniques and the technologies for using the Internet 
and developing HTML pages were simplified for both the developer and the user. These were 
only the first steps of this research and the parameters have now changed. More tools have 
been developed to serve the field of gathering and classifying information. The management 
of knowledge of today depends to a great extend to the already existing search engines such 
as GOOGLE and other similar. These methods are not so effective and are often giving results 
that are not quite relevant to the user’s requirements. This is due to the fact that the search is 
done based on what the machine “thinks” is relevant to the query.
The solution to that is actually the future in knowledge management. The moment that all the 
web pages are marked up with the information that each one of them contains behind what is 
obvious and how this information can be obtained is the moment that the results of a search 
engine ean be presented in order and can be of significant relevance to the initial search. Such 
mark up languages are XML, RDF, RDFs and DAML and they contribute in developing the 
knowledge available behind each web page.
To improve the performance of these tools, and the languages mentioned above, the term of 
Ontologies is introduced and the effort is concentrated in composing the relationships needed 
to explain the meaning hiding behind each web page. The ontologies and their usage is 
explained in detail within the next chapters, but the main reason they were applied was to 
interpret and classify the information available within each web page, and make the search 
more accurate and more effective. The creation of an Ontology is based on choosing the 
correct terms, along with some characteristic instances and forming a structure that gives the 
relationships of the terms and can therefore determine the relevance of the search results with 
this structure.
The next step is to create such an ontology for the case of sustainable development and use it 
to search with the help of certain tools that have been developed for this reason. These tools 
are presented in the following chapters and their effectiveness is shown with some case 
studies that present the sustainable development ontology and how it can be used to improve 
the knowledge management techniques that are the future of improving the research and the 
distribution of information among all the users. The knowledge management platforms that
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are used are described and the results are analysed and criticised in order to propose the best 
available solution and the conclusions made from these case studies. (Fensel, Hendler, 
Lieberman, Walhster, 2000)
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6. Survey of Industrial perspective
In order to research the size of knowledge regarding the field of sustainable development, a 
method was selected that could provide with the necessary and credible information needed to 
define the modem dimension and the perspective of this continuously improving field. The 
“Delphi” method is described below and the steps taken for this survey are analysed in the 
next two chapters.
6.1, Description o f  the D elphi Study
The Delphi study is an old method (founded by Olaf Helmer and Norman Dalkey) that was 
originally used to predict future situations and conditions and especially in the fields of great 
technological achievements and breakthroughs. Several definitions have risen through all 
these years but all seem to lead to the same general meaning. The Delphi study is a sequence 
of carefully planned and designed questionnaires including both qualitative and quantitative 
questions about a certain scientific or technological field that are continuously recycled 
among experts while the main objective remains the gathering of as many and more accurate 
information as possible in a given time about the progress and the possible future results in 
this field.
The main idea is the creation of a small panel of experts (preferably less than ten, while it has 
been proved according to Brockhoff in 1975 that groups even as small as four can perform 
equally well) that come from different backgrounds and have different ages and education. 
This panel is called to answer a first questionnaire about the explored scientific field and the 
first round of answers is gathered. The completion is done namelessly and without one expert 
knowing who the others of the panel are. Then the panel gains access to a summary of the 
answers and they are allowed to alter their initial opinions. Then the altered opinions are 
modified properly and redistributed to the panel. The procedure is repeated several times until 
the study can give a clear conclusion. The best outcome would be the experts to reach 
eventually a common point of view and the purpose of the study is to observe a certain 
problem or scientific field from various different angles.
The advantages of the method is that each experts has the opportunity to interact with other 
experts in the field without really knowing who each person is and therefore avoiding the 
predominance of the most powerful personality that would normally happen if the exchange 
of ideas was taking place in an open face to face conversation. Due to the high level of
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expertise in the field, the information gathered has a great accuracy and a reasonably good 
quality therefore the repetitive mode of the study evolves the good quality of knowledge.
There are however several disadvantages that appear by using Delphi study. Those opposed to 
the use of the method (e.g. Martino in 1978) support that the information gathered through the 
questionnaires might be altered in a way that will lead to the preferable results for those who 
organise the study. Influenced by their initial goals and aspects of the study the organisers 
want to see the answers that would be more convenient for them and therefore they lead the 
participants into these answers. Another disadvantage stated are that the future and past 
happening are not as important as the current ones and therefore one may nave the tendency 
to discount the future events. The isolation of the future events in a certain field from other 
future developments is another trap that someone may step into. A cross impact analysis may 
be of some help in this case. Of course one cannot omit the possibility of the chosen experts 
being poor forecasters or the study to loose the appropriate attention eventually or even more 
important the format of the questionnaire to be unsuitable for some participants. The main 
conclusion is that the Delphi study is more suitable for answering one specific, single­
dimensional question and not for complex forecasts with multiple factors. In this case 
according to Gatewood and Gatewood (1983) a quantitative model which used Delphi Study 
results as inputs is more appropriate.
According to Fowles (1978) the Delphi study is completed in ten steps:
1. Selection of a team to formulate and supervise the Delphi study
2. Selection of one or more groups of people (panels) to give the input in the study. The 
panellists are most usually experts in the field of research.
3. Creation of the first round of the Delphi study.
4. Testing the questionnaire for proper wording (ambiguities, vagueness, etc)
5. Redistribution of the questionnaire to the panellists.
6. Analysis of the first round results.
7. Preparation of the second round questionnaires (and possible testing)
8. Redistribution of the second round of questionnaires to the panellists
9. Analysis of the second round responses (Steps 7 to 9 are repeated until a point of 
stable results is reached)
10. Preparation of a report to include the conclusions of the exercise (Van Zolingen, 
Klaassen, 2003)
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6.2. D elphi study definitions
Various definitions of the Delphi study have been given through the years in an effort to 
better approach this method that is trying to “capture the collective knowledge and experience 
of experts in a given field”. Below the most important definitions'are shown.
Adler and Ziglio (1996): The objective of most Delphi applications is the reliable and creative 
exploration of ideas in the production of suitable information for decision-making. The 
Delphi Method is based on a structured process for collecting and distilling knowledge from a 
group of experts by means of a series of questionnaires interspersed with controlled opinion 
feedback.
Baldwin (1975): Lacking full scientific knowledge, decision-makers have to rely on their own 
intuition or on expert opinion.
Cornish (1977): The Delphi Method has been widely used to generate forecasts in technology, 
education and other fields.
Helmer (1977): Delphi represents a useful communication device among a group of experts 
and thus facilitates the formation of a group judgement.
Tinstone and Turoff (1975): Delphi may be characterised as a method for structuring a group 
of communication process, so that the process is effective in allowing a group of individuals, 
as a whole, to deal with complex problems.
Wissema (1982): Underlines the importance of Delphi Method as a mono-variable 
exploration technique for technology forecasting. The Delphi Study has been developed in 
order to make discussion between experts possible without permitting a certain social 
interactive behaviour as happens during a normal group discussion and hampers opinion 
forming. (Gupta, Clarke, 1996)
6.3. Analysing Delphi Study performance on a computer-based environment
6.3.1 Asynchronous interaction
One of the biggest advantages of Delphi study is the opportunity the participants are given to 
complete the required questions at any time as they are sent to them via email or hard copies.
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This means that each participant can answer at any time it is convenient to do so and has the 
opportunity to change opinion or complete extra information before submitting the 
questionnaire. The individual is also free to choose in which sequence he or she wants to 
examine the given problem or even not answer to all the questions, all according to their 
experience or knowledge in the field. The main problem in this case remains that most 
attempts to understand or interpret these kinds of decision making group models was so far 
almost exclusively done by studying face to face groups.
6.3.2. Anonymity
One of the basic characteristics of Delphi Study is the anonymity of the panel members. But 
the variations of anonymity modes in a computer-based environment can retain anonymity 
between the panel members whenever it is necessary and desired by its members. More 
specifically, each panel member that is of course an expert in the field studied would like to 
know that the rest of the panel is at least as good in this field as he or she is and therefore the 
information gathered from this study will be of some usage to them. Moreover, there has to be 
an assurance for each of the participants that the benefit gained from the outcome of the study 
will be at least equal to the effort made to complete the questionnaires in each round. In most 
of the case where the study takes place with the support of a computer-based environment it is 
wise to set a conference between the participants in order to develop a certain relationship 
between them. This way a sort of a social group if formed and each participant can gather 
some general information considering the rest of the group. The common practise is the use of 
pen names for each participant so as a certain group of attributes is connected to one specific 
person even if the exact identity of this person is not known. Some participants even choose 
to give their full names all through the study as such a choice is also possible and only in case 
of great competency between panel members it is possible for some members to resign. In 
cases of votes may the participants require full anonymity and it is also common to reveal 
their identities at the end of the study, as they want to openly declare their point of view.
6.3.3. Moderation and facilitation
The need to moderate and facilitate the results of eaeh Delphi Study round is obvious 
as in face-to-face meetings. Summaries of the answers are not necessary and vote 
results are not presented, unless there is a sufficient number of answers. In many 
Delphi cases the panel is divided into groups according to their expertise in a specific 
field or their interests. Subgroups may be also formulated and their members are
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given the option to exchange ideas about the completion of the questionnaires in 
private without the rest of the panel interfering.
6.3.4. Structure
The following table shows the basic structure of a computer supported Delphi Study
Table 6.3.4.1. Policy Delphi Structure
Type of Item Voting scales Relationships
Resolution Desirability Alternatives
Feasibility
Argument Importance
Pro or con to a given 
resolution
Validity
Opposing to other 
arguments
The computer’s role in the above structure is to organise the process in a way that the best 
results can be provided. The following activities usually take place:
Provide each member with new items that they have not seen yet
Tally the votes and make the vote distribution viewable when sufficient votes are
accumulated
Organise a pro list and a con list of arguments about any resolution
Allow the individual to view lists of arguments according to the results of the
different voting scales
Allow the individual to compare opposing arguments
Provide status information on how many respondents have dealt with a given 
resolution or list of arguments
The role of the Delphi Coordinator or human facilitator is very minimum in such a well- 
defined structure. The software powers or special privileges that such an individual needs are: 
Being able to freeze a given list when it is felt there are sufficient entries to halt 
contributions, so as to focus energies on evaluation of the items entered to that point 
in time
Being able to edit entries to eliminate or minimise duplications of resolutions or 
arguments
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Being able to call for final voting on a given item or a set of items
Being able to modify linkages between items when appropriate
Reviewing data on participation so as to encourage participation via private messages
6.3.5. Expert systems
An expert system is the capture of expert knowledge so as non-experts can use it to leam. The 
aim is to achieve a certain level of agreement among the experts before giving public access 
to their opinions but as this is not easy to accomplish even by the assistance of a knowledge 
engineer which is usually involved, the experts have access and the opportunity to alter their 
opinion even after these have been made known to the public so both the experts and the non­
experts have access to the system. This way the creator of the information is also the user and 
the system is now evolved in a Collaborative Expert System. Besides the purpose of a Delphi 
study is to capture disagreements along with agreements.
Although the original mode of Delphi Study that involved a certain percentage of human 
interference has proved to be much better than its technological offspring (Expert Systems) 
the efforts made in the fields of computer results reliability confirms that a human interaction 
along with some computer supported schemes and an integration of computer based methods 
in the heart of Delphi Study can make a difference towards a better future for this kind of 
studies.
6.4. D elphi study performance
Sustainable production is an essential requirement if mankind is to establish and maintain 
high living standards. The consultation reported aimed at establishing priorities in stimulating 
sustainability in the Process Industries. There were three main objectives. The first was to 
determine the most effective incentives for reducing pollution. The second was to identify 
those tools that would be most effective in delivering sustainable production, and the third 
was to identify the main technologies that will be needed in the next generation of clean 
processes.
The methodology adopted was to conduct ' a “Delphi” consultation amongst senior 
industrialists and academics in six European Countries. This consultation was backed by a 
more limited survey of leading investment companies (insurance, pensions, health etc). There
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was also the benefit of input from US specialists, both in designing the consultation and in 
giving a US perspective on the perceptions of measures that can improve sustainability.
6.4.1. Description o f the panel
A Delphi study elicits information from a small panel of experts from different relevant 
backgrounds. The panel has to be large enough to be representative, but small enough not to 
be unwieldy. In this case, it was considered that more than ten, but less than 20 would be 
appropriate. Between 20 and 30 potential panel members were contacted and 12 were 
selected, 5 of which belonged to the academic field and 7 coming from industry and 
organisations, we even questioned 1 member of a USA organisation in order to pertain an 
opinion on the concept of Sustainability outside the boarders of Europe, However, as a single 
opinion was not enough to make any conclusion but just to give a rough idea, it was decided 
not to use these answers on the statistical analysis (Appendix 9). To be relevant to European 
Industry, it was vital that a substantial proportion of the panellists were industry based. In the 
event, industry panellists from major European companies were selected, ranging from 
petrochemical to speciality fine chemicals. Academics included both Engineers and 
Scientists.
As it was described above, the panel is consulted over several rounds to identify areas of 
consensus and divergence. The consultation is undertaken anonymously so that none of the 
expert panellists know who the other members of the panel are. Between each round, the 
panellists are given feedback and given the opportunity to revise their views. The procedure 
is repeated until it is clear that no further significant change of view is likely. In this case, this 
took three rounds of consultation.
The advantages of the method is that each expert has the opportunity to interact with other 
experts avoiding the predominance of the most powerful personality that would normally 
happen if the exchange of ideas was taking place in an open face to face conversation. There 
is the further benefit that, using modem Internet communication, a better-balanced panel can 
be assembled than would be possible to synchronise in one room at one time.
The information presented below are the individual views of panellists based on their 
industrial and academic experience. Thus, this cannot be considered as the official views of 
their employers. It was deliberately avoided seeking official responses from organizations 
because that would have required long delays for consultation within the companies
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concerned. At the same time, companies might be reluctant to endorse views widely held, 
even by senior employees.
In every consultation, there is the risk that the prejudices of the organizers will bias the 
outcome. The effort in this case was to be as neutral as possible. However, some panelists 
discerned a bias in the way that the questions were formulated. Nevertheless, the consensus 
view was that the outcome was a fair reflection of European views, and should form the basis 
of recommendations to the European Union.
6.4.2. Methodology
The Delphi study was operated through a series of questionnaires that sought to elicit both 
qualitative and quantitative information about a specified field. Following each round, the 
questions were refined and the panel was provided with feedback both on the results of the 
previous round and the arguments supporting the positions held. In this way, areas of 
consensus were identified and the reasons for divergence clarified. In this case, the 
consultation was organized as follows.
In the first round views on a set of questions were sought. The questions were identified from 
prior interviews with European and US workers. Each question was supported with a brief 
clarification and explanation. There were two groups of questions. The first were 
quantitative. Thus, they asked, if a specific incentive was applied (as the only incentive), 
what reduction in pollution would be achieved over 10 years. The second group of questions 
was qualitative. Thus, they were asked, whether they supported a specific statement. Table
6.4.2.1 shows a typical quantitative question and Table 6.4.2.2 a typical qualitative question.
Table 6.4.2.I. Will the goal ofprofitability alone stimulate reduced pollution?
Tick if 
yes
Tick 
if no
Will cause following reduction in pollution over 10 yrs
0 -5 % 5 -1 0 % 10 -20% 20 -5 0 % >50%
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Table 6.4.2.2. Would additional work or information on the following technologies benefit
sustainability?
Technologies Not
needed
Already
adequately
known
More
information
needed
Needs more 
R & D
Design for product recycle
The first round results were analysed and the “extreme” positions identified. People who 
supported the highest and lowest reductions in pollution were identified as holding “extreme” 
positions. Similarly, where few people supported one of the qualitative questions, these were 
also identified as “extreme”. The people supporting the extreme positions were asked to give 
arguments supporting those positions. Counter arguments for the opposite extreme were also 
solicited. (Where an “extreme” was strongly supported, a few representative arguments were 
consolidated). After consolidation, the panellists supporting the extreme positions were asked 
to confirm that the consolidated arguments still represented their position.
The second round consultation was then designed. It gave the statistical analysis of the first 
round, so that panellists could identify their position in relation to others. It clarified some of 
the questions, deleted those questions on which there had been 100% agreement, and added a 
small number of additional questions. Table 6.4.2.3 shows a typical second round feedback 
for a quantitative question, including the first round statistics and the supporting arguments. 
Table 6.4.2.4 similarly shows a typical second round feedback for a qualitative question, 
including arguments for and against.
Table 6.4.23. Could IPPC, and similar regulations, applied on their own result in 
significant reduction in pollution?
Mean Standard
deviation
Yes No Could cause following reduction in pollution over 10 yrs
0 - 5% 5 -1 0 % 1 0 -2 0 % 20 -  50% 50-70% > 70%
9 .5% 10%
Arguments for and against: These arguments are given below as entry 3, in the section “The 
Incentives to better sustainability”.
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Table 6.4.2.4. What tools will be o f value in designing and operating a sustainable chemical
industry?
Tools and methods Not
needed
Already
adequately
known
More
information
needed
More
R&D
needed
Eco-check 9% 0% 73% 9%
NOTE: We put the first-round percentage answering each column for information.
The “consensus” view is that more information is needed. There were minor suggestions that 
the method is not needed and that more R&D is needed. The arguments for these positions 
are presented.
Argument that more R&D is needed: The method is claimed to be successful, but is used in 
very few companies. More work is needed to make it generally accessible.
Argument against: The unique elements of Eco-check give no added value beyond the other 
tools and methods mentioned in the table.
The third round consultation was more limited than the first two. It gave the statistical 
analysis of the first two rounds (for comparison), and asked two new questions. The second- 
round questions were not asked again. However, the panel was asked to confirm that the 
results presented were, in their view, a fair reflection of the consultation.
The design of the questionnaires was planned and remained simple during all the steps of the 
survey. Before the presentation of the questions, an explanatory text with separate analysis of 
each question was included. The text and questions were linked with bookmarks and 
hyperlinks to facilitate navigation through the consultation.
The full consultation documents are given as appendices 1, 2 and 3. Appendix 2 also gives the 
statistical results of Consultation 1 and Appendix 3 also gives the statistical results of 
Consultation 2. Appendix 4 explains the statistical methods employed in the analysis of 
responses and in Appendix 5 we present a concise coding of all the responses. This appendix
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is also available as a simple text file suitable for input to a computer program if later workers 
wish to reanalyse the results.
In addition to the main consultation, a limited complementary survey was conducted amongst 
companies with “Socially Responsible Investment Panels”. The results were added to the 
summary of the first round and were presented in a separate table. The outcome was 
discouraging for the Dow Jones and FTSE4Good Sustainability metrics indices as none of the 
interviewed investment companies’ representatives supported their use. The Global Report 
Initiative and the IChemE sustainability metrics were supported by only one in three.
6.5. Characteristics o f  response
The main areas of sustainability that the Delphi study covered were (1) the incentives for a 
sustainable future, (2) the tools and methods required to devise sustainable processes, and (3) 
the technologies that may be needed to deliver a sustainable future. Limited questions on 
social performance were included, which were collected in a separate section in the second 
round. What needs to be mentioned however is that, with the limited resources available to 
the project, it was not possible to cover the whole field of sustainability comprehensively. 
The intention was to give an authoritative response in focused areas. To this end, the 
technological bias was reinforced by selecting panel members with strength in the technology 
and economics of the process industries. The results can then be taken as an authoritative 
guide to the balance between economic and environmental sustainability. However, there is 
less confidence in the quality of the conclusions on the social aspects of sustainability. 
Questions included on this aspect, were consolidated into a separate section from the second 
round. The last part of the questionnaire sought views on the dissemination of sustainability 
information using web tools and Internet sources.
For the first round consultation, there was no significant difference between academic and 
industrial responses. (There was also no discernible geographic spread). Hence, only a 
combined statistical analysis was presented. A similar interpretation of the second round 
responses was possible for the qualitative questions. However, there were significant 
differences in the responses to the quantitative questions. The rankings were similar, but 
industrialists felt that a shift in the tax burden would be the only effective incentive. The 
outcome of the consultation is the final agreed conclusion. In the following chapter the results 
of each round are presented in tables, diagrams and charts along with interpretations and
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rankings for each round. Comments made from the panel members on individual requests can 
also be found.
It was that Sustainability Metrics are likely to be ineffective in making improvements in the 
environmental performance of industry. Fiscal and regulatory measures are likely to be far 
more effective. Indeed, the established sustainability metric systems are likely to be less 
effective than other informal measures such as customer and shareholder pressure, or than 
European Industry’s own “Responsible Care” programme. Several important tools are 
identified, including Computer-Aided Molecule Design, and Process Synthesis. A list of 
nearly a dozen important technologies is identified, headed by the need to develop highly 
selective catalysts. The project has contributed to the objectives of the GROWTH program 
for innovative products, processes and organisation of the Chemical Process Industries.
6.6. The incentives o f  Sustainability
This is the first set of questions in the and 2"  ^round of the Delphi Study. The objective of 
the quantitative questions was to identify and present in priority order the incentives that 
could stimulate a sustainable society. The tables presented are the forecast reductions in 
pollution over a 10-year period if the specific incentive were the only incentive applied. In 
practice, there will be an interaction between a number of incentives. However, a 
questionnaire designed to elicit the optimal combination of incentives would be impossibly 
complex. Below there is a short description of each incentive for sustainability, followed by 
the results ranked according to the panel’s answers. The description of the incentives is in 
random order. The results of the two rounds of consultation are summarized for each 
incentive described. The summary is presented as the mean and standard deviation for each 
round. In the second round, there was a discernible difference between academic and 
industrial responses. Consequently, for the second round, these two sets of results are 
presented separately. (To maintain the overall statistical integrity, the two additional panel 
members were included in the analysis. Both had an industrial background, but one was 
assigned to each group).
6.6.1. Sustainability Metrics
There are a variety of metrics that have been put forward to give investors (and others) an 
overall picture of the sustainable performance of companies. The question referred to the
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integrated effect of these measures, including both companies that subscribe to them and 
companies that do not. The only quantitative estimate that required was for pollution 
reduction; social performance is more difficult to quantify. What was requested were the 
individual metrics and the integrated effect they have. There is uncertainty as to whether 
companies report these metrics to register their good environmental performance, or whether 
the desire to be listed favourably forces companies to improve their environmental 
performance.
Table 6.6.I.I. Sustainability metrics
round
combined
2"^ * round 
combined
2"^ * round 
academics
2"^ * round 
industries
Metrics Mean Std Dev Mean Std Dev Mean Std Dev Mean Std
Dev
Dow/Jones 1.5% 2.5% 2% 3% 1 % 1.5% 2.5% 3.5%
FTSE4Good 1% 2.5% 0.5% 1 % 0.5% 1.5% 0% 0%
GRI 2.5% 5.5% 2% 3.5% 0.5% 1.5% 4% 4%
IChemE 0.5% 1.5% 1% 1.5% 1.5% 1.5% 0.5% 1%
Total o f all 4.5% 5.5% 5 % 6% 4% 5% 7.5% 5.5%
6.6.2. Profitability
Profitability is, in itself, a driver for sustainability. In principle, reduced waste reduces 
production costs as well as improving environmental performance.
Table 6.6.2.1. Profitability
round combined 2*“* round combined 2"^* round academics 2"*^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
9.5% 20% 7.5% 10% 9% 12.5% 6% 5%
6.6.3. Legislation and regulation
The European Union (and individual member states) have a range of legislation covering 
environmental, safety and social factors. Here just the legislation covering pollution control
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will be considered. The principal measure is the Integrated Pollution Prevention and Control 
(IPPC) legislation and supporting regulations, including the Best Available Technique (BAT) 
for minimizing pollution. The legislation sets minimal acceptable standards of performance, 
which should be regularly updated in response to improved techniques and improved 
understanding of pollutants. A criticism is that the bureaucratic system is inevitably 
expensive to operate and slow to respond. The timetable allows up to 15 years from initiating 
regulations to final enforcement (allowing time for consultation and appeals).
Table 6.6.3.1. Legislation
round combined 2"^  round combined 2"'* round academics 2"^* round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
9.5% 10% 13% 12% 17.5% 14.5% 8% 6%
6.6.4. Fiscal changes
A number of countries tax releases of pollutants (for example, acid gases), hr Europe, the 
retail price of most products is approximately 50% tax (if not only the direct taxes on 
companies are counted, but also compulsory employee health insurance payments and taxes 
collected from employees before paying them their “take-home” salaries). Some of this 
taxation could be shifted to taxing releases of pollutants. What is considered is only the 
hypothetical extreme case of shifting 100% of the tax burden to pollution charges. The net 
result would be that polluting processes and products (such as electricity production from 
coal-fired power stations) would approximately double in cost and non-polluting process 
(such as electricity from wind power) would approximately halve in cost. Low pollution 
processes and products would suddenly become cheap and highly profitable, whilst high- 
pollution products would become expensive and uneconomic. No government would make 
such a big switch, but the question requested to judge the effect on release of pollutants of this 
extreme change.
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Table 6.6.4.I. Fiscal changes
round combined 2"** round combined 2"^  round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
21.5% 13% 22% 12.5% 20.5% 12% 24% 13%
6.6.5 Environmental conscience
Ail senior decision-makers in the ehemical industry live in the same world as their eustomers 
and employees. Their children and grandchildren will also live in the same world. Is eoncem 
for the wellbeing of future generations sufficient for these decision-makers to put 
sustainability before short-term profitability? This question is asked in isolation from any 
outside pressures. Thus, even if there were no green pressure groups and no regulations and 
incentives, would concern for the planet alone eause decision-makers to put sustainability 
before profit?
Table 6.6.5.1. Environmental conscience
round combined 2"^  round combined 2"^  round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
4% 6% 4.5% 4.5% 4% 6% 4.5% 3.5%
6.6.6. Shareholder concern
There are now “ethical” pension funds, insurance funds and other investments. Apart from 
the deliberately ethical investments, many investors choose to favour companies that they 
judge make efforts to reduce pollution and treat their employees with respect. Such investors 
are prepared to receive a lower rate of return in exchange for the knowledge that the 
companies they support are concerned with the environment and with human rights. 
Correspondingly, companies with such a favourable record find that they can raise money 
from investors more easily. Thus, shareholder pressure can encourage eompanies to follow 
more sustainable policies. It was a matter of the panel’s judgment whether this pressure is 
sufficiently widespread, or effective, to make any discernible difference in company
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performance. (The concerns here are the actual changes in behaviour, such as sustaining 
lower profit margins to reduce pollution and providing industry-leading conditions for 
employees. There is no concern simply for the production of glossy reports). The question 
relates only to the pressure brought by shareholders, not by the coneems of customers and 
employees (which is covered later). It was also a matter of the panel’s judgment whether 
sueh pressures will increase over time, or whether the enthusiasm for ethieal investment will 
wane.
Table 6.6.6.1. Shareholder concern
round combined 2"^  round combined 2"^  round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
4% 6% 4% 4.5% 2.5% 3.5% 5% 5%
6.6.7. Employee concerns
People like to work in clean, safe organizations. Employers who wish to retain the best staff 
may make their business more attractive if it is seen to offer safe working conditions and to 
have minimal deleterious effect on the environment. This question covers everyone working 
for the company, including senior directors. Salaries aceount for a significant part of 
production costs (although a lower proportion in the chemical industry than most other 
industries). Therefore, as well as asking the question about pollution, they were asked 
whether employees (including directors) are prepared to accept less pay in order to support 
more costly, but safer and less polluting, processes.
Table 6.6.7.1. Employee concerns
r ‘ round combined 2"^  round combined 2"^  round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
3% 5% 1.5% 3% 3% 3.5% 0.5% 1%
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6.6.8. Customer concerns
No company can sell a produet that the customers will not buy. Do customers have a major 
impact on environmental and human rights priorities? Are customers prepared to pay more 
for products made in factories which respect human rights and which have less polluting 
products and processes? The question again asks whether customer pressure is likely to force 
companies to reduce pollution further. It is well known that some customers will pay more 
for less polluting products. The question here is whether the number of customers prepared 
are sufficient to stimulate companies to produce low-polluting produets in low-polluting 
processes. Also, will that pressure continue, and will it increase.
Table 6.6.8.1. Customer concerns
round combined 2"^  round combined 2"^* round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
6% 6% 5.5% 5.5% 7.5% 6.5% 3.5% 3.5%
6.6.9. Public image
Does the desire to be known as a responsible company stimulate environmental and human 
rights concerns? Here the concern was the general public perception, excluding shareholders, 
employees, customers and others perceived as direct stakeholders in the company. The public 
image of a company can influence whether loeal government looks at the company 
favourably. It can effect whether the company gets permission to expand or alter its business, 
or even whether aceess to sites becomes restricted. The question is whether public image is a 
major driver in stimulating eompanies further to reduce pollution.
Table 6.6.9.1. Public image
round combined 2"^  round combined 2*“* round academics 2"** round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
5% 6% 5% ' 3.5% 7.5% T5%o 3.5% 3.5%
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6.6.10. Long-term sustainable business
A  number of companies consider that they will only continue to exist if they operate a long­
term sustainable business. Thus, they feel that the long-term trend is towards lower polluting 
processes that employ renewable raw materials. If they do not move their businesses in that 
direction, their operations will become obsolescent and unsustainable. Here the project’s 
concern was longer timescales than those normally focused on. Thus, a 20 to 50 year 
timescale was considered. Companies may take the alternative view that, if they are to have 
the capital to build new up-to-date proeesses in future, they need to maximize profits now. 
Thus, they should spend no more on pollution reduction than is required to meet current (and 
immediately anticipated) legislation. Are managers eoncemed with their business over very 
long timescales? Does this concern stimulate managers to prefer low-polluting process 
alternatives (even when they may be less profitable in the medium term)? Again, the question 
is about personal judgement on this stimulus alone, independent of pressure from outside 
stakeholders or general concern for the environment.
Table 6.6.10.1. Long-term sustainable business
round combined 2"^* round combined 2"^  round academics 2"^* round 
industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
6.5% 6.5% 8% 6.5% 9% 7% 7.5% 6.5%
6.6.11. Pollutant trading
Carbon dioxide release trading has been introduced to limit releases on a world scale. The 
idea is that year-by-year the quantity of release permitted will be reduced. In this way, a 
steadily improving environment will be achieved. Can this approach be extended to other 
pollutants? The benefits are that, once the permits have been issued, very little input is 
required from government apart from checking for compliance. Criticisms include the 
observation that checking compliance is the most expensive part of any pollution control 
system. Furthermore, the initial issue of permits to trade can reward currently irresponsible 
operators at the expenses of those who already have very low releases. With multiple 
pollutant trading there are further difficulties. In particular, raw material composition and
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process stoiehiometry determine the proportions of pollutants produced. Permits would be 
required giving permissions in proportion to the inevitable release proportions. If one permit 
were missing, the others would be useless. This type of constraint might make permit trading 
a difficult and expensive task.
Table 6.6.11.1. Pollutant trading
round combined 2"^  round combined 2"^  round academics 2"^  round 
industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
14% 14.5% 14% 12% 19.5% 13% 7.5% 7%
6.6.12. Responsible Care Program
The possible impact of the CEFIC “Responsible Care” program was added as a question in 
the third round consultation. The results are shown in the table below.
Table 6.6.12.1. Responsible Care Program
3'^ '* round combined round academics 3'^ ‘* round industries
Mean Standard
deviation
Mean Standard
deviation
Mean Standard
deviation
8.5% 11% 10.5% 15% 7% 5%
6.7. International Competition
Panellists raised the question of fair international competition when at least one major 
industrial competitor may take a less concerned view on pollution. The following spécifié 
questions were asked regarding the position taken by US industry and authorities.
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Table 6.7.1. US and European approach o f pollution
Yes No
Do US and European authorities approach pollution differently? 60% 0%
Do US and European eompanies approach pollution differently? 50% 16%
Do differences hamper European attempts to reduce pollution? 40% 22%
(* The answers do not sum to 100% because panel members did not respond to all questions).
It is concluded that there is a widespread perception that pollution is treated differently in one 
of our major trading, partners and eompetitors. This difference in approach is probably 
reflected in other countries and trading blocks. If the perception is real, it hinders the 
introduetion of more sustainable processes and products in Europe.
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6.8. The tools to improve sustainability
To respond to any of the ineentives discussed above, industry must take one of the following 
actions: (1) modify the operation of existing processes, (2) design and build better processes, 
or (3) develop better products. Most improvements require a methodieal approach to identify 
potential changes. The consultation considered both the tools that can be employed to deploy 
known technology most effectively, and the technologies that might be required. Below, the 
full descriptions and a table with summarized the results of the 2 rounds of the questionnaire 
is shown.
6.8.1. Descriptions o f tools and methods
Only tools and methods that address the problems of profitability and improved 
environmental performance will be considered. There are equivalent sets of tools considering 
safety and other operability issues. A brief description of the tools and methods that are 
variously being applied or have been proposed is presented below. The section is divided into 
two parts, tools that employ software and tools that built on human endeavours alone. The 
software tools all, of course, also require intelligent human operation. (What is implied is 
Computer AIDED Process Engineering, not Computer DONE Proeess Engineering). Some of 
the tools/methods do not fit neatly into one heading or the other.
The tools/methods considered are:
6.8.1.1. Systems primarily employing human ingenuity
6.8.1.1. a) Stakeholder dialogue
This approach assembles the principle suppliers and users of a product and critically reviews 
its environmental impact from raw materials to the disposal of deeommissioned process or 
worn-out product. It is expensive in human time, but can reveal that a quite different product 
used in a different way would achieve the same result with less environmental impaet.
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6.8.1. Lb) Environmental Management Systems (EMS),for example ISO 14041
A  standard method of reeording all environmental impaets ean focus attention on those 
processes and products that need to be improved. Such a formal disciplined method of 
reviewing operations can eliminate practices that can give excessive releases.
6.8.1.1.C) Environmental Critical Assessment and Waste Minimization Methodology
These are both panel, or team-based, exereises. Both give a formal step-by-step method of 
identifying wastes or pollutants and determining how they can be reduced. The former is 
closely similar to a Hazard and Operability (HAZOP) analysis. Every stream and step in the 
process is eritically reviewed to identify sourees, or potential sources (for example 
inventories), of pollutants. Any possible upset condition that might release the pollutant is 
identified and steps proposed for eliminating or minimizing the potential hazard. The Waste 
Minimization methodology is described in the IChemE “Waste Minimization Guide” which 
was initially developed from US Environmental Protection Agency Guidelines. Although 
having different origins, much of the methodology is common to both.
6.8.1.1.d) Eco-check
This method was independently developed from established stakeholder consultation 
exercises. It may be looked upon as integrating stakeholder consultation with Environmental 
Critical Assessment. Thus, it incorporates formal methods of identifying potential (or actual) 
environmental releases at every step of the product life cycle from raw material to final 
disposal. It stimulates suggestions for reducing or eliminating releases. The suggestions are 
later more formally analysed and costed to rank their priorities.
6.8.1.1.e) Industrial ecology and symbiosis
Industrial Ecology is a system-oriented approach that seeks a balance between industrial 
systems and natural ecological systems. Industrial Symbiosis is the methodology that is 
employed within the general framework of Industrial Ecology; it includes the environmental 
cost in the production and consumption processes. It stimulates industrial elusters or “eeo- 
industrial” parks, in order to maximize the use of co-located operations, which can reuse the 
wastes of one process as "raw" materials for another.
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6.8.1.2. Computer-based methods
6.8.1.2. a) Process Simulation
Enables hypothesized designs to be evaluated in detail. Unlike motor vehicles and aircraft, 
chemical plants are large one-off investments. The performance cannot be cheeked by 
building a prototype. Computer simulation enables the environmental and eeonomic 
performance to be assessed. Dynamic simulation also enables unsteady eonditions like start­
up to be analysed, and intrinsically unsteady processes (such as batch or semi-batch 
processes) to be studied.
6.8.1.2. b) Process Optimization
Builds on process simulation to optimize process design and operation. By restricting the 
optimization to controllable variables such as pressure, temperature and flowrate, existing 
plant operations can be optimized. These optimizations can be undertaken off-line, or can be 
incorporated into on-line optimizing control. By extending the optimization to include design 
variables such as unit sizes and shapes, design optimization can be achieved. Optimization 
can maximize profitability or minimize release of pollutants. It can also achieve a desired 
optimal balance between profit and pollution.
6.8.1.2.c) Process Synthesis
Process Synthesis extends optimization to include discrete variables, such as number and 
sequenee of operating units, ehoice of extracting agents, and selection of recycle streams. 
This optimization is more time-consuming and may employ simplified models aimed at 
identifying promising structures, reactants and extractants. Once the process topology has 
been identified, conventional simulation and optimization ean be employed to fine-tune the 
design. The software addresses the problem that, even for apparently simple processes, there 
are hundreds of millions of variants that could be made to work. It is not practicable for the 
human designer to look at more than a dozen or so in any detail. An automatic tool that picks 
out promising candidate processes ean increase quality and reduce time.
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6.8.1.2. d) Process integration
Sets targets for Energy and Waste minimization using "pinch technology". Related methods 
have been extensively employed to reduce energy consumption; sometimes by large 
percentages.
6.8.1.2. e) Computer-Aided Molecule Design (CAMD)
The primary goal of the ehemical process industries is to sell effects; it only incidentally sells 
chemicals. The desired effect may be solvent action, detergent action, refrigeration etc. 
CAMD provides tools to design moleeules with desired effeets and, at the same time, to 
eliminate undesired side effects. For example, it can design a chemical that has a desired 
solvent action, but avoids ozone depletion and certain toxic properties. CAMD thus 
complements human ingenuity in developing new, effeetive products.
6.8.1.2.J) Integrated Product and Process Design
The objective is to design both the product and the process in one pass. The integrated 
environmental impact of both can then be assessed. The approach can be supported by 
computer tools that eombine CAMD and Process Synthesis.
6.8.1.2.g) Lifetime optimization
Conventional optimization does not take into aecount the wear and tear on a process resulting 
from load changes, or operation under extreme conditions. This tool enables an effective 
compromise to be struck between instantaneous profit and long plant life. It optimizes with 
constraints on wear and tear.
6.8.1.2. h) Eco-efficiency
Software permits rapid assessment of the Life-Cycle environmental impact of a process, 
backed by an extensive database of environmental impact information. It is capable of 
focusing on those elements critical to environmental performance and assists the designer to 
select the best compromise between profitability and pollution.
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6.8.1.2.1) Supply-chain simulation
Software can simulate the cost and stability of a whole supply ehain. Clearly, the simulation 
of the various parts does not have the aceuracy of process simulators. Nevertheless, it taekles 
the whole produetion and supply network, which cannot be done by individual models.
6.8.1.2.j)  Supply-chain optimization
These tools help design the whole supply chain, not just the manufacturing process.
6.8.1.2.k) Database
Process design and operation requires extensive data. Physical and chemical data are needed 
for design of the most profitable processes. For sustainability, this data must be backed by 
environmental impact data. A database giving design principles and references for less 
familiar unit operations may also be of value (for example, see “process intensification in next 
section).
6.8.1.2.1) Web tools supporting collaborative working
Process design is a team exercise involving professionals of many disciplines. Web tools that 
support remote team working facilitate best use of available talent.
6.8.1.2. m) Web access to environmental and design data
For organizations that cannot justify the cost of exclusive access to a database, web access 
may be an attractive alternative.
6.8.1.2. n) Web tools to access computational methods
Design engineers routinely employ up to 300 software programs to assess all aspects of plant 
performance, profitability, safety and environmental impact. A web tool that allowed aceess 
to the relevant computational methods could be of considerable value, particularly for smaller 
eompanies.
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6.8.4 Technologies
6.8.4.1) Description o f technologies
The tools and methods described above result in an efficient way of deploying known 
technologies. However, the results achieved depend on the technologies that the designer has 
already considered using. Some workers believe that there is a need to place more emphasis 
on novel process technologies, or to reconsider underused technologies that have potential for 
reducing environmental impact. A combination of better technology and better tools may 
give an overall worthwhile improvement. This section also considers revised approaches to 
the whole design basis.
Technologies considered in this consultation are listed below. It is not elaimed that the list is 
an extensive list of all technologies that might be relevant. Furthermore, it is quite possible 
that some important technologies remain to be invented. However, panel members were 
asked to suggest additional relevant technologies, and we did eonsider the importance of 
research into novel ideas that are not yet known (or not yet known to us).
1) Design for recycle. A new approach to product design should include the provision of 
reeycle facilities at the end of its useful life. This recycle design could include new 
reprocessing facilities, or the product could be designed to make use of existing facilities. 
In either case, product recycle is an integral part of the design.
2) Process intensification. There are a series of technologies that enable equipment sizes to 
be radically reduced. These include spinning disc reactors. High g distillation, and high 
specific surface heat exchange. Such technologies enable plant sizes to be 
correspondingly reduced. The very low inventories have environmental benefits and 
there are also claimed cost benefits. An ineidental benefit is that the processes may be 
eeonomic at a smaller scale. (See next question).
3) Economic small-scale processes. The chemical industry is well aware of economies of 
scale. The rationale for such economies is that as you double the linear dimension of the 
plant, you quadruple the surface area and multiply the throughput (vessel volumes, pipe 
flows) by eight. The capital cost is roughly proportional to the surface area. Thus, 
doubling the linear dimension roughly halves the capital cost per unit throughput. There 
are further benefits in that heat losses and material leakages are roughly proportional to 
surface area. Thus the energy and material efficiency also improves with equipment size. 
Better energy and material efficiencies provide environmental benefits. The inverse of
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this finding is that the processes become more expensive and less efficient when built on 
a small scale. Large-scale plants do, however, have the disadvantage that raw materials 
and products may need to be transported over large distances, with eorresponding costs 
and environmental disadvantages. Research is being undertaken on processes that may be 
économie at smaller scales.
4) Bulk chemicals from renewables. Vegetable raw materials are already employed for 
products at the scale of many thousands of tonnes per annum. Greater use of renewables 
may be possible.
5) Novel chemicals. The objective is to develop new replacement chemicals with lower 
environmental impact in their production or use. The approach employs human ingenuity 
rather than computer methods as with CAMD.
6) Fuel cells. Fuel cells offer the prospect of more efficient conversion of chemical energy 
to electrical (and hence mechanical) energy. The comparison is with traditional heat 
engines. Recent developments (for example, better understanding of the physieo- 
chemical processes which allow computer modelling and optimization) hold the prospect 
of wider application.
7) Solar cells. Solar cells provide the prospect of inexhaustible energy without depleting 
mineral resources, or generating pollution. Currently efficiencies are extremely low, so 
that manufacture and installation is costly and has a significant environmental impact.
8) Wind power. The wind provides a further source of renewable energy. It appears that, 
with increasing scale, it is becoming more economic.
9) Development o f highly selective catalysts. Such catalysts make better use of raw 
materials and produce less by-products and waste. In principle they improve both 
profitability and environmental performance.
10) Greater use o f productions cale chromatography. The technology can be used at near 
ambient conditions and is energy-efficient. However, there is still a eost in removing the 
desired product from the carrier.
11) Carbon-dioxide capture and reinjection research. The idea is that, if methane has been 
safely stored underground for geological times, the same geological reservoir can be used 
to store carbon dioxide. In this way, we can continue to use natural gas (and other 
mineral fuels) with no net effect on the environment until they are all depleted. Indeed, 
Carbon Dioxide is a less effective global warmer than methane, so we may aetually be 
benefiting the environment.
12) Supercritical separators, and reactors. Greater use of super-critical conditions. Solvents 
become more effective under these conditions (for example super-critical carbon dioxide), 
and obviate the necessity to use aggressive materials. There may also be energy benefits 
because latent heat effects are minimized.
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13) Greater use o f microbiological processes. Many such processes are highly selective, thus 
avoiding by-products. They also take place under near-ambient conditions. The 
disadvantages are that the desired product may only be present as a fraction of a percent. 
Then large quantities of contaminated and slightly warm water have to be dealt with. 
Waste treatment and energy recovery for this nutrient solution is difficult. The 
environmental benefits are thus very case specific.
A further analysis of the results was performed for the tools and the technologies mentioned 
in the above paragraphs, including statistical analysis and interpretation. As these tools and 
teehnologies that can lead to a sustainable future are the main part of this study the results of 
this survey are described in the next chapter.
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7. Analysis of feedback
Following the performance of the second round of the Delphi study, the panellists were asked 
to give their arguments on their answers. These arguments were summarized and they are 
presented below along with some conclusions and recommendations.
7.1. Incentives rankings
Below there are the listings of all the arguments given by the panel members eonceming the 
qualitative questions and the rankings of the incentives that were perceived to be the most 
effective. Table 7.1.1 gives the incentives in rank order. It shows that industry-based 
panellists more strongly support the view that tax switching is the most effective incentive. 
None of the Sustainability metrics was ranked as effeetive by any group of panellists. (The 
ranking ranged from 1% for FTSE4Good, up to 3% for GRI). Following the table, we give 
the information presented to the panellists, namely a short deseription and the arguments for 
and against each incentive.
Table 7.1.1. Ranking o f Incentives
Combined Reduction Industry Reduction Academic Reduction
Switch Taxes 22% Switch Taxes 23.5% Switch Taxes 20.5%
Release Permits 14% IPPC 8% Release Permits 19.5%
IPPC etc. 13% Release
Permits
7.5% IPPC 17.5%
Long-term goal 8% Long-term goal 7.5% Long-term goal 8.5%
Profitability 7% Profitability 8.5%
1) Sustainability Metrics 
Dow Jones and FTSE4Good
Argument for an effect greater than 5%: Just reporting figures openly gives an incentive to 
improve.
Arguments for no discernible effect: Major ethical investors have research teams that assess 
investment portfolios. The indices are used only for small “ethieal” funds and by some small
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private investors. They have negligible effect on share prices, and thus negligible influence 
on company behaviour. Large companies with a good sustainability record get themselves 
listed, but they do not change their behaviour in order to be listed. Thus, the metric will have 
negligible effect on pollution levels (and little on other aspects of sustainability). Companies 
report these metrics to register their good performance but these indices do not directly 
influence decisions on sustainable development performance. The indices report only top 
eompanies with already a very good performance. FTSE4Good has a somewhat broader 
appeal, but its limitation is that it is little known beyond the UK. Few international chemical 
companies seem interested in a FTSE4Good listing.
Global Reporting Initiative (GRI)
Argument fo r an effect greater than 10%: The driver is .public scrutiny and the need to 
demonstrate continuous improvement; this driver is as strong as legislation.
Arguments for no discernible effect: The idea behind GRI is that sustainability accounting 
should be as standardized as financial accounting. Objective comparisons are then possible. 
However, GRI documentation is indieative of the approach. Only 30 to 50% of each page 
eontains printed material. The document is repetitive. Thus, it cuts down 2 to 5 times as 
many trees as needed to make its point. Measures of dubious value (for example, ratio of top 
decile to bottom decile earnings) are easily distorted. Current experience shows that audited 
financial reports can be grossly misleading. The chances that the unaudited disparate 
information required by GRI will be accurately reported are zero. Such effects as it may have 
on sustainability are more likely to be in social, rather, than environmental performance.
The basic assumption is wrong. Thus, reporting does not lead to increased pressure to 
improve and ultimately to aetual improvements. Whether improvements are made does not 
depend on reporting. It depends on many other factors like market change, possible synergies, 
teehnological feasibility, economic maturity, acceptance, long term strategy and so on.
IChemE Sustainability Metrics
Argument for a small but discernible effect: The IChemE metrics are the simplest and easiest 
to apply. Thus, they are more likely to be used by smaller eompanies that would not have the 
resources to support the more grandiose metrics. They are also taken into account by some 
large investors.
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Argument fo r  no discernible effect: The IChemE metrics are, in many ways, a simpler subset 
of GRI. They provide a useful checklist for companies (including smaller companies) trying 
to improve their sustainability performance. However, they are at best a tool and not a driver 
for sustainability. As for GRI, the basic assumption is wrong. Thus, reporting does not lead 
to increased pressure to improve and ultimately to actual improvements. Whether 
improvements are made does not depend on reporting. It depends on many other factors like 
market ehange, possible synergies, technological feasibility, économie maturity, acceptance, 
long term strategy and so on. Furthermore, it is felt that IChemE metrics do not have 
suffieient strength (prestige) for use as a standard benchmark for industry worldwide.
2) Profitability
Argument fo r an effect greater than 50%. While academia may push forward the frontiers of 
scienee. Governments introduce supportive legislation, and NGO’s lobby for greater 
environmental awareness, it is industry that introduces change in society. In adopting new 
manufacturing processes with lower environmental impaet, or developing new produets in a 
more sustainable way, industry responds to three key drivers, cost (to improve margins), 
innovation (to gain market share) and regulation. The first two are inevitably linked to 
profitability and the third cannot be implemented unless the organisation remains in business, 
i.e. remains profitable.
The requirement that businesses remain profitable stimulates reduced pollution prevention to 
some extent. Specific profitability drivers for a clean environment may be as follows. 
(However, see counter argument below that profitability merely delivers performance targets 
set by other drivers).
Sustainability can be seen as a business opportunity: Companies make business with more 
sustainable products: e.g. environmentally friendly washing powders, newspapers and 
writing blocks printed on recycled paper, toys made of recycled plastics. Many products 
also carry environmental labels.
Lack of sustainability can also kill profit. For example, firms eommitted to the 
Responsible Care Programme require raw material suppliers to act in a responsible way. 
This covers about 80-90% of chemical use in some eountries. Many raw materials carry 
data on their LCA, which is further used for caleulating LC information for the products. 
Bad LC history may lead to change of supplier, and hence profit loss to the original 
supplier.
In the long term, polluting industries cannot be profitable in the EU. If pollution 
regulations are not met, the company is faced with fines or with eapacity reductions.
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Furthermore, loss of reputation may result in pressure from Society that closes a factory, 
with total loss of profits.
Argument fo r  no discernible effect: Sustainability has three aspects, economy, ecology and 
society. There is no logical reason why satisfying one aspect automatically satisfies the 
others. No major environmental or social change has ever been driven by profitability alone 
• (for example, air pollution, water pollution or child labour in the mines). The requirement of 
profitability does deliver effieient ways of achieving environmental goals. Sometimes these 
are delivered at little cost, occasionally at negative cost. Profitability remains central to 
sustainability (without it organizations cease to exist). However, it does not stimulate reduced 
pollution, it only delivers society’s goals economically. (The counter-argument above is that 
Sustainability is such an integral part of society’s goals that profitability drives companies to 
behave in a sustainable manner).
3) Legislation and Regulations
Argument fo r  an effect greater than 20%: The effect could be quite large in the EU since the 
IPPC directive sets environmental standards which companies have to reach. All new 
installations (and permit renewals) have to meet standards specified in relevant IPPC 
directives. The question is of course how strict the limits are, how large is the interval 
mentioned, and how much the authorities allow exceptions. Eventually IPPC will result in 
uniformly good practices being applied with resultant decreased emissions. EU practices are 
likely to set a model for application in other major trading countries throughout the world.
Argument for no discernible effect: There are no major sticks ensuring any sort of 
enforcement related to IPPC. The “Best Available Technique” is generally easily available (so 
that it does not risk closing many processes), and enforcement is subject to long consultation 
and negotiation. It is doubtful whether IPPC will result in any reduction that would not have 
been achieved in any case. In fact, the vast bureaucratic effort required for IPPC may divert 
resources from more effective tools.
4) Switch taxes from  people and products to pollution.
Argument for an effect greater than 20%o: Switching taxes from people and products to 
pollution will stimulate large reductions in pollution levels. The bottom line is that operators 
look at the “bottom line”, namely the net profit and loss. It does not matter what other aspects 
of sustainability appear in the annual accounts; it is the profit and loss that matter. Switching
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taxes immediately moves pollution control into the “bottom line”. If you have a low- 
polluting process and product, your profits go up. If your process is polluting, your profits go 
down. You do not need regulators forcing you to act; everyone in the company sees rewards 
in low pollution. It becomes in the companies’ self-interest to invest in methods, technologies 
and research to reduce pollution. The “bottom-line” profit now combines two important 
measures of sustainable performance, namely eeonomic and environmental. New ideas will 
emerge (as they did during the oil-price increase of the 1970’s), and a 50% reduction in 
pollution levels is certainly possible.
Several participants pointed out the potential problems with international competitiveness. 
Such a shift in taxes would shift the balance of industry. If applied only in the EU, the effect 
could be to export polluting processes. However, the question deliberately excluded these 
effects. The first task is to identify effective ineentives. When these are identified, the 
practicalities can be explored. This taxation measure was the only one in which there was 
unanimous agreement that the effect would be substantial.
Argument for an effect less than 20%: the eco-taxes that are in place have not had very 
substantial or impressive results. This may have to do with the low tax rate (to avoid negative 
effects for international competitiveness etc.). However, it does not augur well for the 
approach.
5) Environmental Conscience
Argument for no discernible effect; Managers who are not owners have little scope for 
making major social changes. Historically, a few owner-managers have instigated changes 
within their own eompanies. However, their overall effect has been negligible (except for 
indicating what might be possible). Managers now have less scope than ever for following 
personal societal goals in their companies.
Unfortunately, it is not true that sustainability and ethical conduct always pays. In many cases 
it just costs money and nobody can calculate the long-term eeonomic value. Management 
may get no reward for pursuing low-pollution. Sustainability goals. Hence, they have no 
incentive to do so unless there are other strong drivers.
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Argument for an effect greater than 10%: Management attitudes are a key enabler when 
reinforced by other external drivers. Whatever other drivers may be in place, management 
that believes in the long-term value of sustainability is required.
6) Shareholder concern
Argument for no discernible effect: The majority of shares are held indirectly. For example, 
people invest in insurance and pensions. These investments are handled by large financial 
institutions that hold portfolio investments. Individuals who invest in a pension or insurance 
have little effeet on the behaviour of the company holding their money. In turn, finaneial 
institution traders have responsibility to these investors rather than to long-term sustainability. 
They will turn over the whole portfolio several times in the 20-40 years an individual person 
holds a pension fund. Thus, the long-term sustainable performance of the eompanies in which 
they invest is irrelevant to the long-term health of their funds. Consequently, providing 
companies avoid major prosecutions, shareholders put almost no pressure on companies to 
improve their environmental performance.
Argument for an effeet greater than 10%: Companies take shareholder input very seriously. 
Recent shareholder concern with management pay (including AGM resolutions) is indieative 
of the more pro-active role that shareholders are likely to take. It is inevitable that concerns 
with pollution will be aired at the worst performing companies, and directors that do not 
respond will lose their positions.
7) Employee Concerns
Argument for no discernible effect: Employees will not risk their incomes by pressuring 
employers to reduce pollution levels below statutory requirements.
Argument for an effect greater than 10%: The effect is difficult to quantify, but could be 
larger than 10%. Certainly, employee pressure ean lead to a significant improvement 
because:
They have high motivation; they are most exposed to pollution.
They are prepared to implement the measures necessary to improve efficiency and reduce 
pollution.
They have an insider view on the measures taken and can critically evaluate their efficiency.
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8) Customer Concerns
Argument fo r no discernible effect: Customers rarely see the environmental consequences of 
their purchases. They are not aware whether or not there is a large energy input into their 
purchases. Very often, they are not aware of the cumulative effect of their purchases, for 
example the effect of phosphorus in detergents. There is no record of customer pressure ever 
having had an effect on pollution. (Customer pressure, in conjunetion with other pressure 
groups, probably has had an effect in other areas of sustainability. For example, companies 
have been under pressure to eliminate clothes manufacture in third-world “sweat shops”).
It is recognized that customer pressure can be very effective in achieving changes within a 
company. However, the company response is likely to be in marginal areas designed to 
improve company image, rather than in fundamental changes that reduee pollution. This 
short-term response is more likely to placate an emotional demand than the long-term changes 
necessary to reduce pollution substantially.
Argument fo r an effect greater than 10%: The chemical industry predominately makes raw 
materials for other companies. Within the next 10 years, the Responsible Care Programme 
will be more effeetive in requiring LCA data on products. If the price is the same, the 
eustomer will probably always prefer the less polluting product.
Customer preference is one of the strongest forces acting on a company, if meaningful 
product information were available in a competitive context, the effeet would be greater. 
There has been little effect to date. However, within the next ten years, customers will be in a 
better position to make informed judgements; the impact could be profound.
Companies produce what they ean sell. There is evidence that at least some customers are 
willing to pay more for Sustainable products manufactured in Sustainable facilities. 
Manufacturers will respond to this behaviour. As an example of the efficiency of the 
pressure, consider the rapid change from PVC to PET bottles. The drivers are customers in 
developed and developing countries. Companies do not want to wait for a scandal that will 
devastate their sales. All large companies now want to be seen to be behaving in a 
responsible way. The effeet on pollution is not yet marked. However, the effect on the social 
aspects of Sustainability is already apparent. For example, it is now difficult to sell anything 
produced in an unethical way (for example using child labour) in Nordic European eountries.
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9) Public Image
Argument fo r no discernible effect: The chemieal and process industries are more remote 
from customers than most other industries. (For example, over 60% of their products are sold 
to other chemical/process eompanies). People do not ask what company made the fibre in 
their clothes or the plastic in their cars. They often do not even know the real manufaeturer of 
their food. Thus, eompany image in areas like environmental impact is almost irrelevant to 
the financial well-being of a chemical company. It follows that company image places no 
pressure on company environmental performance.
Argument fo r  an effect greater than 10%. Reputation management is being undertaken with 
increasing seriousness, professionalism and transparency. This could foster significant 
improvement. Examples of chemical companies who have invested a lot of effort in fostering 
a responsible environmental image include Henkel, Cognis, DSM, and Dupont.
10) A long-term sustainable business
The difference between the two arguments below is strongly influenced by the perception of 
time-scale. The argument for “no discernible effect” says that mangers only respond to 
incentives such as IPPC, and there is no influence beyond the anticipated effect of such 
regulations. The argument for an effect believes that managers look beyond the 5 -  10 year 
timescale of regulations already in draft form.
Argument fo r  no discernible effect: The long-term health of a company depends on its short­
term profits. It must make a profit every year to survive. Sacrificing profit to provide 
environmental performanee beyond anticipated regulations will not leave a company with a 
long-term future. Thus, long-term concerns, beyond the tenure of the current staff, can have 
no impact on stimulating lower pollution levels.
Argument for an effect greater than 10%): The majority of managers who actually make 
decisions that influence plant performance live near the plants that they work in. They do not 
want to suffer the adverse effects of pollution, nor do they want their families to suffer the 
effeets. No one deliberately designs or operates a “dirty” plant. Where the cost penalty is not 
excessive, managers will always opt for the low-pollution alternative. Thus, concern for the 
environment by senior staff will always result in some lowering of pollution levels. It is
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realistic to expect the saving to approach 20% over 10 years or so. The following is a 
eomment on the argument. “This effect in isolation may turn out weaker than (10%) but the 
sentiment is correct and the various drivers never exist in isolation. It is the synergistic effects 
of internal motivation and external drivers which propel significant environmental 
improvements.”
When building a new factory, it saves money to build a plant which will not require further 
investment to meet pollution goals over the next few years. Hence, in Europe, future 
environmental requirements are extrapolated in designing and building new plant. Thus, 
companies with a long-term environmental strategy are more likely to prosper in the long run. 
This philosophy results in steadily reducing levels of pollution. (The respondent doubts that 
this view is shared in the US, but his doubts are irrelevant to this consultation!).
11) Pollutant trading
Argument for no discernible effect: There would be no meaningful change in behaviour if 
permits were introduced without aceompanying incentives or barriers. Like IPPC, permits are 
issued sufficient not to disrupt companies in the medium term. The Kyoto agreement is an 
example of the simplest possible permit system (carbon dioxide releases), but shows every 
indication that there will be no effect beyond that easily achievable by other means. For more 
complex pollutants, the ehances of negotiating an effective permit system are negligible. 
Europe only supports the system as a “second best” way of achieving goals more effectively 
met by regulation and fiscal measures.
Argument fo r  an effect greater than 20%: This is the only tool that has achieved any 
measure of widespread international support. It is already being widely piloted. If this 
measure fails, nothing will work.
Figure 7.1.2 shows the most important incentives ranked as a bar chart.
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Figure 7.1.2. Critical incentives
Sw itching taxation Release permits IPPC Long-term sustain. Profitability
□  Com bined
□  Industries
□  A cadem ics
7.2. The Social D im ension o f  Sustainability
Responses show that none of the incentives is considered important by more than 50% of 
partieipants.
Table 7.2.1. Can the following metrics result in improved social performance? (Improved
human rights, improved safety etc).
2"^  round combined
Metrics Yes No
Dow/Jones 25% 50%
FTSE4Good 17% 58%
GRI 25% 50%
IChemE 8% 67%
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Table 7.2.2. Could shareholder pressure, as the only incentive, stimulate improved social 
performance? (Improved human rights, improved safety etc).
2"^  round combined
Yes No
50% 50%
Table 7.2.3. Are employees prepared to accept less pay to work for an organization with a 
superior social and environmental record?
2"^* round combined
Yes No
33% 67%
Table 7.2.4. Are customers prepared to pay more for low-polluting products made by low-
polluting processes?
2"^  round combined
Yes No
42% 58%
Table 7.2.5 Are customers prepared to pay more for products made in humane facilities
respecting human rights?
2"^  round combined
Yes No
42% 58%
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7.3. Arguments for and against Research and Development in the tools and methods
Below there is a list of arguments presented and eonsidered by the panel.
7.3.1. Systems that primarily employ human ingenuity
• Stakeholder dialogue
This topic seemed non-controversial. The only disagreement was whether it was sufficiently 
well known, which is not a question that can be settled by argument!
• Environmental Management Systems (EMS)
Apart from a minor suggestion that more R&D might be needed (which has no supporting 
argument), the topic is again non-controversial.
• Environmental Critical Assessment and Waste Minimization Methodology
Argument that more research is needed: Both methods have already seen successful practical 
application. The IChemE Waste Minimization Guide (Crittenden and Kolaczkowski, 1992) is 
well established. The US material has been established longer (Waste Minimization 
Opportunity Assessment Manual, US EPA 1988 and Draft Guide for an Effective Pollution 
Prevention Program, US EPA 1991). However, the methods are expensive to apply (requiring 
expert multi-disciplinary teams) and the results depend critically on the talent available in the 
teams. Much of the assessment is repetitive and uses standard worksheets. There is scope for 
computer aids to record the workings in a consistent manner. Such a computer-aid would 
facilitate reworking previous assessments in the light of new information. The quality and 
consistency of studies could be improved by supplying these aids with “intelligent agents” 
that prompt team members on questions to address. (Such prompting does not replace human 
ingenuity, but ensures that known problems are consistently addressed). Tools facilitating 
remote working may also be of benefit; it is difficult to arrange diaries to get the requisite 
teams together for a week of consistent assessment. These are just some of the research 
topics that need to be addressed in order to build on best practice.
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Argument that the methods are already adequately known: Both methods have already seen 
successful practical application. Do they need more research?
• Eco-check
The “consensus” view was that more information is needed. There were minor suggestions 
that the method is not needed and that more R&D is needed. The arguments for these 
positions are presented.
Argument that more R&D is needed: The method is claimed to be successful, but is used in 
very few companies. More work is needed to make it generally accessible.
Argument against: The unique elements of Eco-eheck give no added value beyond the other 
tools and methods mentioned in the table.
• Industrial ecology and symbiosis
Argument that more research is needed: The areas currently being analysed are the chains of 
products and materials, the human influence on biochemical cycles, and issues related to 
production. Issues related to production include product and process design, environmental 
management systems, environmental supply chain management, and eco industrial parks. The 
topics being studied are technical science (knowledge on technical production, recycling and 
waste processes), social science (economy, social behaviour, and decision making processes), 
and environmental science (knowledge on environmental processes, eeology and behaviour 
and cycles of substances). All these topics require to be understood more deeply, which 
requires more research. A motivating example of considerable success in the field of 
industrial symbiosis has been made in Denmark, in the eco-industrial park.
Industrial ecology and symbiosis are important, since they are the way of really closing the 
processes (clean technology on techno system level). In addition, the symbiosis of industry 
and community are important in minimizing waste for both sources.
Argument that the topic is already adequately known: The potential of this theory is overrated 
because:
The possibilities for use of residues in other industries are limited and depend on spatial 
proximity (e.g. in eco-industrial parks etc). There are also serious disadvantages.
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Production facilities become linked so that supplies of unrelated products must be made 
in proportion. Where the demand for one declines and the other increases, production 
problems result. Either process “A” has to be kept in production to consume the by­
product of process “B”, or production of process “B” has to be curtailed. Thus, in 
practice, it is only applicable for manufacture that forms a very small part of the total 
production of each product.
It is too complex to design, operate and manage.
It has limited potential and does not deserve significant research.
It is thought of in terms of “by-product synergy” or “waste to product opportunities”. In that 
narrow sense, there is no huge scope for research, more for sharing information on significant 
waste streams across industry sectors. However, there is always room for research to find 
value-added outlets for industrial waste. It is doubtful if this research can be classified as 
“Industrial Ecology”.
7.3.2. Computer-based methods 
Process Simulation
Argument for more research: Achievements made here could be eeo-efficient since they often 
support environmental improvement and pay off economically. Simulation tools need to be 
augmented to include life cycle aspects in the material balance and cost. Tools for assessing 
life cycle aspects in a process simulation are rare but will be needed in the future.
A major problem is that commercial programs do not adapt quickly to new developments. 
This inflexibility is important because 90% of companies undertake all their simulation using 
commercial programs. More system level tools are needed, and more detailed phenomena 
based simulation tools are needed (research needed). Thus, another period of researeh is 
needed to advance simulation beyond its current state (which has been fairly static for 30 
years).
Argument against more R&D: Almost no chemical process is built these days without using 
one of the commercial or special-purpose simulation tools. It is almost 50 years since the first 
simulation system was developed. No other tool is so well known. What aspects of research 
are still needed?
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Process Optimization
Argument fo r more R&D: Practical multiple eriteria optimization tools are not available or 
used yet. Such tools are essential in making the optimal balance between economic, 
environmental and social criteria for processes. They are thus at the heart of sustainable 
production. Achievements made here should be eeo-efficient because they are capable of 
both supporting environmental improvement and increased profitability.
Argument that Process Optimization is already adequately known: Process optimization has 
been a known tool almost as long as process simulation. The computational tools for 
simultaneous simulation and optimization have been extensively tested. The general area 
needs no further research. The only area that still needs some attention is the unit models or 
equations that represent individual units. The models used in industrial simulators are rarely 
fast enough or robust enough to give reliable optimization. However, these developments are 
incremental advances in known technology rather than the subject of significant research.
Process optimization is a standard tool taught in university undergraduate courses; it hardly 
needs more research. It would be better to focus the limited resources on other topics in the 
list (such as process intensification).
Process Synthesis
Argument that the technology is already adequately known: We did not receive any argument 
supporting this position.
Argument that more R&D is needed: Of the tools and methods considered. Process Synthesis 
received the highest level of support in the first round. It is common experience that real- 
value optima are flat. Thus, there is a value from conventional optimization, but it is minor 
compared to the radical design improvements that can result from a process synthesis study. 
There are examples where effluents have been eliminated entirely, and major cost savings 
have resulted from eliminating equipment items. Commercial activity in Process Synthesis is 
in its infancy, and still needs to be backed by a vigorous R&D activity.
Process integration
Argument for more R&D: Process Integration has delivered major economic and 
environmental benefits to industry (in reduced cost and reduced energy use). We are at the
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early stages in generalizing the technique for use beyond energy saving, and in integrating it 
with other complementary tools such as process synthesis.
Argument that the method is already sufficiently well known: Process Integration is a standard 
tool taught in every university undergraduate course. 90% of the benefit can be achieved with 
simple hand calculations and virtually every company has the expertise to apply the method. 
The future for Process Integration lies within the broader area of Process Synthesis.
Computer-Aided Molecule Design (CAMD)
Argument that more research is needed: There have been early successes in the application of 
CAMD. For example, highly effective, non-polluting solvents have been derived by CAMD 
and applied in Denmark. However, further research is needed on reliable ways to predict 
some of the important environmental impacts of molecules. Furthermore, better means are 
needed to solve the optimization problem of “inventing” molecules with the best combination 
of economic and environmental characteristics.
Argument that CAMD is already adequately known: We have not received an argument 
supporting this position.
Integrated Product and Process Design
Argument that more R&D is needed: This technology is at its very early stages of 
development. As far as is known, there have been only very limited applications. The 
technology employed is not yet integrated. There is not yet a formal methodology similar to 
HAZOP (for safety), or Environmental Critical Assessment. Similarly, computer tools are 
still lacking; there is not yet an integrated CAMD/Process Synthesis Paekage. At the same 
time, the potential of the approach is considerable.
Argument that more information is needed: Before we invest substantial resources into R&D, 
we require more information on successful applications.
Argument that the method is already sufficiently well known: The coneepts are well known. A 
lot of work on tools is underway but the problem is that this is a “technology push” topic. 
Thus, it is a “solution” looking for a problem. It needs some more market pull to convince 
that there is potential in the method.
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Lifetime optimization
Argument that more R&D is needed: One of the largest commercial chemical engineering 
software companies already produces tools to support this optimization. However, the 
software has been backed by very limited academic research, and there is no competitive tool 
against which results can be judged. More academic research and open publieation is needed 
to establish the credibility of the tools supporting lifetime process optimization
Argument that it is already adequately known: The concepts are well known. A lot of work on 
tools is underway but the problem is that it is “technology push”, with little market pull. In 
many ways, it is comparable to eco-efficiency; it is complex and needs a more standard 
approach before significant R&D is justified.
Eco-efficiency
Argument that more R&D is needed: Both the concept and today’s technologies of eco- 
efficiency in the respective sectors are already known. There is also the belief that the already 
existing life cycle assessment oriented approaches to product design are developed at a point 
where no further development is needed for the moment. However there is still much to be 
learned and to be developed in this field. The tool could be incorporated into modem 
software. In addition, it could exploit web tools. It has the potential to play a significant role 
in the modem e-economy.
It would be worth devoting some effort to establish uniform or at least (roughly) harmonised 
methods.
Argument that the method is already sufficiently well known: The coneept and also today’s 
eco-efficient technologies are already well known. There is also a vast universe of life cycle 
assessment oriented approaches to product design, so there is not much use in developing 
another one.
Supply-chain simulation
Argument that more R&D is needed: Rethinking supply chains from a broader systems 
perspective can lead to break-thoughts in efficiencies, and that could mean that simulation 
tools will help find optimal solutions. There are few tools for supply chain simulation which 
include life cycle aspects. Such tools will be needed in the future.
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Argument that supply-chain simulation is already sufficiently well known: Simulation 
techniques for supply chains have now reached a point at which there is little further to be 
developed. Quite a few software tools are available in the market and they are widely used in 
industry. In the research world, even in academic institutions, the subject of supply chain 
simulation has been studied widely and the interest is now towards developing new 
optimization tools for the supply chain.
Supply-chain optimization
Argument that more R&D is needed: The complexity of modem industry is associated with 
equally complex supply chains. It is not practicable to optimize a modem supply chain by trial 
and error using existing simulation tools. There are no routinely available commercial supply 
chain optimization tools. (Those that have been developed have a limited range of 
application). Really effective supply chain optimization tools would benefit Sustainability in 
all its aspects, improved profitability, less environmental impact and better treatment of 
human resources. There may also be scope for greater use of the Intemet in dynamic 
optimization of supply chains. By their nature, supply chains have a wide geographical 
spread and interruptions, or opportunities, in one area need responses in every other. Supply 
chain optimization thus needs inputs that are best provided in an intemet-integrated system. 
There is a real scope here. Significant effort is justified.
Argument that supply chain optimization is already adequately known: There are many 
publieations on supply chain optimization in recent years. It is an important area, but the main 
principles are well known and applications are now a quite practical optimization task.
It is not obvious what more can be achieved by supply chain optimization. Supply chains are 
already economically optimized. What is the new potential for sustainability/environmental 
efficiency? Optimal use of existing transport methods is achieved, but it does not offer that 
much. Rather the means of transport should be technologically optimized for better 
environmental performance. This is a quite different area of research.
Databases
The consensus view was, that more needs to be known of relevant databases. However, there 
were arguments for more R&D and that the tools are already sufficiently well known.
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Argument fo r  R&D in developing relevant databases: The methodology to create and use the 
tools is known. However, it is difficult to apply in practice largely because the information 
structures are not standardised and most of the information is not well structured.
Argument the tools are sufficiently well known: Database Tools are standard technology 
taught in university undergraduate courses. Life cycle software such as databases is 
commercially available and needs no significant development. The research required is to 
obtain the data to put in the databases. (Another field altogether).
Web tools supporting collaborative working
Argument that more R&D is needed: We do not have a supporting argument.
Argument that no work is needed: Relevant tools (such as BSC from GMD in Sankt 
Augustin) are already freely available, as are similar commercial tools that are already widely 
used.
Web access to environmental and design data
Argument that more R&D is needed: We do not have a supporting argument.
Argument that R&D is not needed (already well known): The methodology to access (and to 
give access) to environmental design data is already known, but it is difficult to apply in 
practice because the information is not on the web.
The field of environmental data is very broad. Therefore it is not expected for all the needs to 
be covered. There are also doubts whether the information will be retrievable from the web.
Web tools to access computational methods
Argument that more R&D is needed: The basic tools to make computations available over the 
web are known (in a sense, Java was invented for this purpose). However, none of the 
relevant computations (from process simulation to dispersal of pollutants in the atmosphere) 
are available over the web. These can only be accessed by paying a lease fee for a 
commercial program available on disc, or downloaded from the web. It would be desirable 
(especially for smaller companies) to be able to run the computations remotely and pay for
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just what they need when they need it. Some R&D is needed to demonstrate that such 
methods could be made available through a conventional web site.
Argument that web access to computational tools is not needed: The methodology to create 
and use tools is already known, but it is difficult to apply in practice because the information 
is not on the web. Perhaps the tools are not as well known as is generally thought, but it is 
still not certain whether the web could add any value there.
7.4. Ranking o f  results
Panel members views on tools to support innovation were requested using a response table as 
illustrated in Table 7.4.1. The European Commission is primarily interested in areas that may 
need further research support. The tools were ranked according to the percentage of panellists 
who supported the proposition that they deserved more research and development. (The 
percentage support is given in brackets following each ranked tool). Figure 7.4.1 below 
presents the most important tools and methods as a bar chart.
1) Computer-Aided Molecule Design. (75%)
2) Integrated Process Product and design. (58%)
3) Process Synthesis. (50%)
4) Industrial Ecology and Symbiosis. (50%)
Figure 7.4.1. Critical Tools and methods
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It is worth mentioning that although all the panel members supported very strongly the 
creation of a web portal about sustainable development, there was little support for more 
research and development in the tools concerning web applications and collaborative working 
through the Intemet. This creates a confusing image of what is really necessary but also 
emphasizes the need of merging the use of various scientific areas such as chemical 
engineering and computer science. The results of the consultation are shown on Table 7.4.1.
Table 7.4.1. Tools and methods results
Tools and methods Not
needed
Already
adequately
known
More
information
needed
More
R&D
needed
Stakeholder dialogue 0 33 58 0
EMS 0 58 33 0
Env Critical Assessment & Waste 
Minimization Methodology
0 25 41 25
Eco-check 8 8 67 0
Industrial ecology/symbiosis 8 8 33 50
Process simulation 0 75 8 8
Process optimization 0 66 17 17
Process synthesis 0 17 8 50
Process integration 0 33 42 33
CAMD 0 8 8 75
Integrated product and process design 8 0 17 58
Lifetime process optimization 8 0 33 42
Eeo-efficiency 0 17 58 17
Supply chain simulation 0 58 25 8
Supply chain optimization 0 33 33 25
Databases 0 17 75 0
Web tools for collaborative working 17 8 67 0
Web access to env. and design data 0 0 83 0
Web tools for computational methods 8 0 75 0
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7.5. Arguments fo r  and against more R&D in technologies
These are the arguments that the panel used to support or oppose extended research and 
development in each the technologies mentioned above:
• Design fo r recycle
Argument for more R and D. R&D is needed in order to better know how to improve the 
profitability of recyclable products. Research is needed to establish how the additional costs 
(the cost of the design and the cost of the new more recyclable products) are to be levied. The 
simple approaches covering the costs (taxes) of disposal (without recycling) do not reflect the 
principles of Sustainability.
Argument that R&D is not needed: The way to design for improved produet recycling 
potential is well known. The problem is making an economic case, which has to be done on a 
case-by-case basis. This is not really a fruitful area for generic research.
• Process intensification
There was consensus that more R&D is needed, and significant support that the technology 
should be better known. No arguments are given.
• Economic small-scale processes
Again, fairly general consensus, with no arguments presented.
• Bulk chemicals from renewables
Argument that more R&D is needed: Currently, only a trivial proportion of chemical 
production comes from renewable resources. Thus, the chemical industry can make no claim 
to be sustainable. Any signifieant ehange will require a long-term commitment. The R&D 
needs to start now if we are to be ready in 10 , or even 2 0 , years’ time.
Argument that the technology is not needed: There are no obvious drivers for chemieals to be 
made from renewables when only 8% of total world hydrocarbon production goes to
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chemicals manufacture. There are bigger problems to solve. Substituting renewables for oil 
in chemical production would make a trivial impact on Sustainability.
• Novel chemicals
Most people felt that either the area was already well known, or that more information is 
needed. This difference is not resolvable by argument.
Arguments were sought to support for the small minority who felt that such chemicals are not 
needed, or that no R&D is needed. No arguments to support these positions were proffered.
• Fuel cells
The bulk of the panel felt that more R&D is needed. We have not sought an argument to 
support this position. The arguments for the contrary positions are given.
Argument that more information is needed: More information is needed on what is the 
potential for fuel cells in terms of reducing resource use, possibly reducing CO2 and when.
Argument that fuel cells are already adequately known: (l)Fuel cells have low impact on the 
sustainability of the chemieal industry, and are henee not relevant to this study. (2) Fuel cells 
have been known for 50 years. They are being adequately researched for transport use. In the 
unlikely event of a breakthrough, they may be useable in the chemical industry. However, 
they are not a priority area.
• Solar cells
Argument for more R&D: More work is needed to improve the economic competitiveness of 
solar cells and the availability of solar energy with the required quality at the places where it 
is needed.
Argument that solar cells are not needed: Low impact on the sustainability of chemical 
industry.
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• Wind power
Argument that more R&D needed: None received
Argument wind power is not needed: Wind power has a low impact on the sustainability of 
the chemieal industry. Furthermore, performance and costs of commercial units are well 
known.
• Development o f highly selective catalysts
There was almost universal support for more R&D on catalysts.
• Greater use of production-scale chromatography 
No arguments received.
• Carbon-dioxide capture and reinjection research
Argument for more R&D: More information is needed on the cost and efficiency of this kind 
of measure.
Argument that the technology is not needed: This technology has a low impact on the 
chemical industry. The large uncertainties may only be resolved on a geologieal timescale, 
and are not amenable to conventional research. As well as major uncertainties in its 
efficiency, there is a major cost barrier, and the probability of suecessful application is small.
• Supercritical separators, and reactors
There was a high level of consensus that either more R&D, or more information, or both is 
needed.
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•  Greater use o f microbiological processes
Argument that more R&D is needed: Biological processes are presenting the chemical (and, 
more specifically, the pharmaceutical) industry with a range of new high-performance 
produets. The further potential justifies more R&D.
Argument that the technology is already sufficiently well known: It should be pointed out that 
biotech processes are rarely clean or environmentally friendly. Usually it is quite the opposite. 
Most biotech processes utilise raw materials in a very inefficient way and consequently 
produce very much pollution such as BOD. (The wastes are, of course, biodegradable and 
possible to purify. However, the purifieation processes themselves have costs and 
environmental impacts). Thus, biotech is not an answer to these environmental problems. 
Certainly more research is needed on these processes but not because of their potential to 
improve the pollution performance or sustainability of the chemical industry. Biotech is no 
cleaner than any other teehnology.
7.6. Ranking o f  technologies and argumentation
The panel eonsidered the pro and con arguments and the balanee of responses from the first 
round. On the basis of this consideration, the R&D priorities were ranked as follows:
1) Highly selective catalysts. (92%)
2) Fuel cells. (83%)
2) Process intensifieation. (83%)
3) Supercritical separators, and reactors. (75%)
4) Solar cells. (75%)
5) Bulk chemicals from renewables. (75%)
6) Novel chemicals. (75%)
7) Greater use of production-scale chromatography. (67%)
8) Greater use of microbiological processes. (67%)
9) Design for recycle. (67%)
10) Economic small-scale processes. (67%)
Less than half panel members supported the remaining technologies. Figure 7.6.1 shows the 
ranking as a bar chart.
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Figure 7.6.1. Technologies in need o f more R&D
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7.7. Com munication and dissemination
7.7.1. Results on communication
The growing concern with sustainability requires the need for efficient access to information 
in the area. To this end, the survey considered the need for new and improved 
communication paths. Specifically, the main concern was about the growth of a network of 
experts and the provision of supporting Intemet tools for exchanging information more 
efficiently.
The first set of questions refers to the need of designing a web portal designed to help 
classify, extract and disseminate information on sustainability in an interactive way. Panel 
members were also requested to specify the areas of sustainability that should be included in 
this portal to maximise efficiency. Tables 7.7.1.1 and 7.7.1.2 below present the final results 
of this consultation.
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Table 7.7.1.1. Would a new web portal dedicated to sustainability in the chemical process
industries be o f value?
Final results
Yes No
67% 25%
Table 7.7.1.2. I f  a new portal were provided, what information should it hold?
Final results
Yes No
Metrics 83% 17%
Incentives 50% 50%
Tools/Methods 92% 8%
Technologies 92% 8%
News 58% 42%
Publications 75% 25%
Other 8% 92%
The majority of the panel support the need for a portal on sustainability. The strongest 
support was for access to tools and technologies that are of direct help in designing the next 
generation of cleaner processes. The least support was for a new source of news on 
sustainable sustainability. This lack of enthusiasm reflects the current imbalance of web sites. 
There is a plethora of web sites devoted to promoting the concept of sustainability and almost 
nothing devoted to concrete information on achieving sustainability.
The preferences shown above indicate that the creation of such a portal would require 
gathering information concerning tools, technologies and metrics, backed by access to 
relevant publications. The estimation made was that, if such a web-site is to become a long­
term resource, it needs to be supported by a team of experts. The next question requested the 
panel’s advice on whether an international network of workers should be established in the 
area. Table 7.7.1.3 gives the response to this question.
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Table 7.7.1.3. Do you feel we should establish an international network o f workers in the 
area to promote exchange o f  best practice?
Final results
Yes No
67% 25%
The level of support almost exactly matched the general level of support for a web portal in 
the area (67%),
Having established support for such a network advice was sought on where the relevant 
people should be found. Specifically, is a new network needed, or does the nucleus of such a 
network already exist in organizations such as European professional bodies. Table 7.7.1.4 
gives the results of this consultation.
Table 7.7.1.4. Sustainability network
Yes
Be based on strengthening existing networks and links between them for example 
groupings based on professional institution interest groups?
80%
Be a completely different network, independent of existing networks? 0%
7.8. Feedback on the Consultation Process
Panellists were asked their views on the effectiveness of the consultation process. The 
questions asked were:
1) Were the questions fairly selected and reasonable reply options provided?
2) Were the “for” and “against” arguments fairly put?
3) Was the outcome a fair reflection of current thinking in the area?
4) Does the consultation form a useful basis for informing European Union research 
priorities and policies?
5) Were there further comments on the consultation process?
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Specific questions were asked to clarify the first four queries. The questions and their 
responses are given in tables 7.8.1 to 7.8.4 below. Comments are reviewed in the discussion 
Section below.
Table 7.8.1. Do you think that the questions were fairly selected and reasonable reply
options were provided?
YES 70% NO 7%
Table 7.8.2. Do you feel that the “fo r” and “against” arguments were fairly put (or 
summarized) for the second round consultation?
YES 76% NO 0%
Table 7.8.3. Do you consider that the results o f the consultation are generally 
representative o f informed opinion in Europe?
YES 76% NO 0%
Table 7.8.3 was introduced with the following disclaimer: “You personally are unlikely to 
agree with all the rankings in the various headings. Nevertheless, do you believe that the first 
few in each ranking include options that a representative cross-section of people in the 
industry would agree with? For example, do you consider that, of the first 6 in each ranking, 
probably most people will agree that 4 or more should be included in the first 6 , although not 
necessarily in the final sequence?”. Thus, it was made clear that no consultation can give a 
unanimous response, and that the survey recognizes that there are a wide range of views 
within Europe.
Table 7.8.4. Should the results o f  this consultation form the basis o f advice to the EU on
Sustainability?
YES 70% NO 0%
This question was introduced with the disclaimer: “The EC funded this small study to help 
them formulate policy (particularly R&D policy), in the area of ‘Sustainability’. We are aware 
that we only covered the pollution versus profit aspects of sustainability. Our output will 
certainly not be their only input in this area, and the EC are unlikely to take our rankings
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unmodified by other information. Recognizing these limitations, do you consider that it is 
valid to commend these conclusions to the EU?” Thus, it is recognized that this study would 
not be the only source of information used by the EU in deciding Sustainability priorities.
7.9. Discussion
A number of panellists had misgivings relating to the questions requiring an answer on the 
projected reduction in pollution achievable by various incentives. Several noted that this kind 
of estimate is more or less a rough prediction and nothing further than that. Nobody can 
estimate with accuracy what effect a measure has, when seen under “ceteris paribus” 
conditions. This shortcoming was recognised from the outset. However, although the actual 
reductions are debatable, the ranking is still valid.
A number of panellists commented that their expertise only extended to part of the area being 
researched. This inevitable shortcoming was also recognised from the outset. Where 
panellists felt that their knowledge was inadequate, they were invited to leave the relevant 
question blank. A number took this option. Overall, the panel was selected for balance of 
expertise. It was unlikely to identify a full set of panellists equally expert over the whole 
range of the subject. However, it was felt that the balance of expertise was such that, on the 
economic and technical questions, the majority of the panel had relevant expertise.
One of the comments was that the survey could only be viewed as an opinion poll since it 
probably changes with time and current moods rather than with technological progress. At 
this point there is however a strong counter argument. The idea was to create a panel that 
would include several experts from various areas including sustainability, process industries 
technologies, and environmentally conscious production techniques and reflects the personal 
views of the panel members. The panel was requested to give their honest and professional 
opinion so that the results would be reliable and efficient in terms of suggesting 
improvements in the European policies and legislations. Nevertheless, we would expect 
opinions to change with time as the challenges of sustainability become better understood, 
and the range of applicable tools and technologies develops.
The majority of panellists found the survey useful and informative. However, there were 
suggestions from panellists that the consultation should be broadened. Specifically, it was 
suggested that more attention should be given to the assessment of risk to people and eco­
systems linked to chemical industry pollution or chemical related exposure through consumer 
product or industrial sources. The end product of the consultation is recommendations relating
© Chrysoula Tsoka 2005 9 4
to public policy, company behaviour, and society response. The outcome will be that 
resources are invested in efforts which deliver the greatest reduction in human and eco-system 
risk/impact. In these circumstances, a much deeper understanding and appreciation of the 
underlined cause-effect phenomena is required.
In regard to the questions about the US policies it was mentioned that many chemicals are 
global commodities such that policies and circumstances in producing and consuming 
countries influence EU competitiveness. This should not be interpreted in terms of a US 
monolith (any more than the EU, or the European companies and societies behaviours are 
monolithic). The US possesses elements of innovation and thought leadership on sustainable 
development alongside a cadre of players/elements, which are less progressive in this 
dimension.
There is a perception that USA attitudes to Sustainability differ from those in Europe. It is 
recognized that there are a wide range of attitudes in both the USA and Europe. Nevertheless, 
this perceived difference might be a hindrance to progress in sustainable production. The final 
finding, on the perception of US industry and regulation is disappointing. It indicates a poor 
level of understanding. This understanding needs to be improved at the working level, rather 
than at a political level, which of necessity, only reflects wider public perceptions. If there is 
a channel to do so, it would be beneficial to support a somewhat broader, but similarly 
designed, joint US -  European study to ascertain whether there is any basis in the perception. 
If so, it should be identified how the gap can be narrowed.
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8. Knowledge management platform
8.1. The Communication Channel
To achieve the creation of a network able to retrieve and enhance the exchange of information 
and achievements regarding sustainable development it is necessary to use technologies able 
to handle distributed environments and databases as well as ensure the existence of reliability, 
security and easy practice. This strategy can be proven especially useful when sharing and 
exchanging information concerning designing and manufacturing procedures within an 
industry as the approach to product research and development is becoming a continuously 
evolving issue. Integrated Product and Process Development (IPPD) is one of the tools 
supporting Sustainable Development that can be significantly improved with the creation of a 
web network that will enable the user to access information concerning all the stages of a 
product’s life cycle starting from its design and its creation until it reaches sale, distribution 
and maintenance. These efforts that aim at an Enterprise-wide access, sharing, viewing and 
management of the available information. The appearing solution to combine and develop all 
the above appears to be the creation of a web portal able to include and distribute all this 
information using the right channels of communication. (Rezayat, 2000)
The difficulty but also the challenge of this case is that the gathering of information is not a 
simple step of search as the levels are not equal and the scattered documents contain 
heterogeneous material. It is the complexity of the tasks needed to be coordinated such as the 
searches, the queries, the classification of data, etc that are understood differently by different 
people. In addition, it is an area where new terms flash up every day, sometimes with similar 
meanings, other times addressing issues not widely known or clearly understood. These 
challenges in terms of data gathering bring us straight into a concept that is new and includes 
all the above. It is the Ontologies that will be described at a later chapter.
8.2. Semantics, multiple instances o f  sustainable technologies, and Knowledge 
M anagement
The most attractive advantage of the Web is the fact that it provides anyone who has access to 
a computer with the opportunity to enrich the Intemet with valuable information. The only 
withdrawal seems to be that in order to become effective and useful this information must be 
inserted in a way that can be found and retrieved. In order to achieve something like this the
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best available way seems to be the creation of a Community Web portal. These are similar to 
Yahoo in the sense that they present a structured view onto the Web but the main difference is 
that the information provided comes from limited resources that are entitled to maintain and 
editing the portal. Moreover, such portals are maintained by a community of users rather than 
just a small number of people. The main problem in the maintenance of community web 
portals is the huge amount of information that has to be managed, thus this is the field where 
the most efforts of developing new technologies are focused.
One of the new techniques to classify the scattered information that appears as Deus ex 
machine is the use of Ontologies. This key technology permits the sharing of information 
using fundamental comprehension and elaboration methods. Ontologies allow the information 
on the Web to escape from the strict boarders of HTML and in addition the format of the 
information can be formal and machine understandable. What can be achieved with the use of 
an Ontology-oriented portal is the formal representation of common knowledge and interests 
of the people within a community. As it has been claimed (Hendler, 2001), in the near future, 
the evolution of the Semantic Web will be the gradual disappearance of the neat and well- 
structured Ontologies that exist at the present, and they will be replaced by the same anarchy 
that currently exists at the rest of the web. Moreover, the large ontologies, shared by a great 
number of users, will be replaced by smaller ones that will be able to communicate with each 
other. It is most likely that in the near future all universities and major organisations will need 
an Ontological structure in their available resources of information as there will be a great 
choice of tools to facilitate these procedures. The available information will be exchanged 
between applications and the computers will be able to exchange and access each other’s 
content at any given time.
A Community Web portal is ideal for facilitating the use of Intemet for users that are not 
aware of exactly what they are looking for. If this is the case then it is easier for the user to 
explore using a browser but this requires a rather sophisticated and simplified structure of the 
portal such as a tree-stmctured format. However, no matter how convenient this structure 
appears to be, it might prove unable to handle the inexperienced user that can easily be lost in 
a dead end. Thus, a careful inffastmcture and designing of how the information is presented is 
vital for the natural circulation of the available data.
In a Community Web portal, although the information comes from almost all the members of 
the community, still the formats in which the data is sent vary. Since the portal must remain 
adaptable to the information sources, the application of database-centred approaches is not 
suitable since they can only accept that a uniform mode of storage exists. In order to
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overcome this problem the different formats of information need to be captured and related to 
the Ontology.
In conclusion, the basic parts in the structure of a community Web portal are a structure 
whose concept is to present the information to the user, the support to integrate the 
information in various formats, the maintenance and development of the portal via providing 
support in the use of tools for providing information and a methodology for implementing the 
portal. This is the reason why the Ontology has been used as the spine of the Community web 
portal (Staab, Angele, Decker, Erdmann, Hotho, Maedche, Schnurr, Studer, Sure, 2000).
8.4. The application o f  Resource Description Framework
The difficulty to manage the great volume of information available on the Web and 
translating the machine-readable data into machine-understandable data emerges the need for 
an immediate solution. The proposed way out comes from the World Wide Web Consortium 
(W3C) and the solution is the use of metadata to describe the information on the web. 
Metadata is actually the “data about data” or more specifically the data that is used to describe 
the Web resources although the distinction between them is not exactly clear. Resource 
Description Framework (RDF) is the main recommendation used to process metadata. Its 
function is to provide interoperability between the existing applications that exchange 
machine-understandable information on the Web and automate the processing of Web 
resources. The areas of application are mainly resource recovery, cataloging, content rating, 
pages collection description, intellectual property rights of Web pages description and 
expression of the privacy references of a user as well as the privacy policies of a web site.
One of the tools used by RDF to create a syntax that can maximize interoperability among the 
Web servers and the clients, is the Extensible Markup Language (XML) and the efforts are 
focused on specifying semantics for data based on XML. For the encoding issues of 
transportation and file storage, RDF depends on the help of XML. It is using a class system 
similar to the one used in object oriented programming and modelling systems. When a 
collection of classes is created it is called a schema (RDFSchema). This schema or group of 
classes is organised in an hierarchy and can be extended indefinitely. The advantage lays in 
the fact that in order to slightly alter the existing schema it is not necessary to create a new 
hierarchy, but it is enough to simply modify the basic schema. The sharability and 
extensibility of RDF gives to the metadata authors the possibility to use multiple inheritance 
to “mix” definitions and create RDF instance data based on multiple schemata from multiple
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sources. The main influence to RDF come from the Web standardization Community, the 
library community, the structured document community (in the form of XML) and the 
knowledge representation community.
The basic RDF’s data model properties can be conceived as attributes of resources since they 
represent relationships between resources. Thus, the three object types that an RDF model 
consists of are the resources, the properties and the statements. The resources are all the 
things described by RDF expressions such as an entire or a part of a Web page or even a 
collection pf pages. One of the main characteristics of the resources is that they are named by 
a Unique Resource Identifier (URI) that allows with its extensibility, the introduction of 
identifiers for any entity. The properties describe the resources and have a specific meaning 
that defines apart from the resources that can be described also the relationship among 
properties. Finally the RDF statements represent a specific resource along with its named 
property and the value of that property. These three parts are respectively the subject, the 
predicate and the subject of a statement.
In conclusion, the RDF data model is the tool and the environment within which the metadata 
can be defined and exchanged through a concrete syntax. In this effort the RDF Schemas use 
XML encoding and namespace facility to connect the properties with the associated schemas. 
(Lassila, Swick, 1999)
8.5. Is the Semantic Web implemented in Sustainability portals?
What the Semantic Web represents is actually the extension of the World Wide Web under 
some new particular rules and functions. The reason for developing such a tool is to create a 
powerful search engine that has the ability to search more extensively and more effectively 
than the existing ones. The irregularity of the Semantic Web is that instead of using the 
traditional WWW technique that uses human readable pages, the new concept is to use 
machine readable data that is targeted to programs. The Semantic Web contains a complicated 
combination of relationships between the available resources, and that makes it actually a web 
of relationships. The application of the Semantic Web involves increasing the documents 
returned in each search with the target to sort them according to relevance with the search 
terms and classify them in terms of their content (R. Guha, R. McCool, 2003).
However, the complexity of creating a Semantic Web is the actual difficulty in implementing 
it. In the current solutions the Semantic Web has not yet been applied properly, as it is not in
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its complete form. Instead, the various techniques that are being used include keyword search 
queries and are based in the Ontologies, The tree-diagram classification of concepts and 
instances that is named an Ontology in a few words, is the tool used to retrieve the 
information according to the keyword search and therefore bring back results that are as much 
closer and more relevant to the search as possible. The following chapter describes the 
components that have been developed for this reason and the use of ontologies in creating an 
integrated and improving the search engines of the future.
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9. Basic Components
9.1. Ontologies
The World Wide Web is growing fast making the maintenance of an equilibrium between 
people and the seattered information difficult. The common sense asks from the Web to be 
able to become a medium for the communication between people. The problem seems to be 
the availability and the relevance of the information retrieved from the web. Existing 
searching abilities are inadequate in terms of providing the right directions to the user and 
thus the search becomes a difficult and endless task. In addition to that, the problems become 
even bigger as the web is expanding. What seems to be the solution is a machine 
understandable semantics for a part or all the information in the www. To achieve such a 
semantic web as Berners and Lee said in 1999 languages should be developed for expressing 
machine understandable meta information for documents and terminologies should be 
developed using these languages and making them available on the web. These terminologies 
should be used to develop new tools and architectures and to thus to improve the performance 
and the maintenance of the information sources available.
The Ontologies are one of these tools and were generated in the fields of artificial Intelligence 
with the scope to facilitate knowledge sharing and reuse. In the present research teams, the 
ontologies have entered the world of intelligent information integration, cooperative 
information systems, information retrieval, electronic commerce and knowledge management. 
One of the definitions of Ontologies that best reflects its meaning is the one given by Gruber 
in 1993 that describes it as ''A formal, explicit specification o f a shared conceptualisation. A 
“conceptualisation” refers to an abstract model o f some phenomenon in the world which 
identifies the relevant concepts o f such phenomenon. “Explicit” means that the types o f 
concepts used and the constraints on their use are explicitly defined. “Formal” refers to the 
fact that the ontology should be machine understandable. “Shared” reflects the notion that an 
ontology captures consensual knowledge, that is, it is not restricted to some individual but 
accepted by a group” (Fensel, Hendler, Lieberman, Wahlster, 1997).
An Ontology includes several components with the main ones being the Concepts, the 
Relations and Attributes, the Instances and the Axioms. More analytically, a concept is an 
abstract term that is used as a core term to characterise a whole group of information under a 
general title. The concepts that do not have an hierarchieal connection can be linked with the 
help of the relations. The attributes are the relations of pre-defined data types like STRING,
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INTEGER, BOOLEAN, etc. And finally the instances are specific examples of each concept. 
(User’s guide for OntoEdit Version 2.6).
In the research for Sustainable development in Chemical Process industries the Ontologies 
gave the solution to the research for a tool to gather and classify the information. As the 
domain of Sustainable development is a wide one that contains information from the 
economic, the social and the environmental field, it was necessary to develop a tool that could 
classify the information needed each time a specific data needs to be retrieved. As the 
information is not homogeneous, in each search it is necessary to define as a tree diagram the 
links between the information needed. With the help of this data the search method used that 
will he described analytically below will be able to give the most accurate and reliable results.
In the continuous evolution of information produced every day, the tool used to gather the 
results and also to perform the search should have the ability to evolve according to the new 
needs and feedback taken from every new search. The Ontologies have the ability to use a 
series of terms and concepts as it will be described below and also the ability to be updated 
either by inserting new concepts periodically or by using the feedbaek from each search and 
adopt every new concept used more than an old one in order to replace it gradually.
9.2. Creating an Ontology with OntoEdit 2.6.
After installing the OntoEdit using the installation wizard, the program can be started by 
clicking on “Start”-^ "Programs”-» “Ontoprise” “OntoEdit”. In the main frame of the 
software there are tabs with the main utilities of the program and these are the Concepts and 
Relations, the Instances, the Relation Axioms, the Disjoint Concepts, the Identification and 
the Metadata as shown in Figure 3.3.6.1 below.
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Figure 9.2.1. OntoEdit main frame
O ntology Engineering W orkbench OntoEdit VZ.S
Filo Edit View Tods Whdows Holp
11^ 1 Bjî
A  http://nww.manixd.de ((  ...
G a ie tn l  A x icm s I r f e r m r m  | Portal A ccp m b t/ Kit
concept; & Relations Instances
-Î ^  j DI XI
j r i.iery  T ool | Tdert(=lcatinn ) iVi=i:adata 
R c la tic n  o x io n s  |  D isjoh ': concept:?
Corcepi liiefarchy Relation;
1 T 1 -  1 If 1 lasFirstNarne
[=].. #DEFAULT_n.dbT_cd\l2PT A'ofla-or
j . (3> company
fi].. 0PDISO-I
L .O A onen
L..@nrao n
R-ange
ôTRjriG
âTPJNG
zornpany
It is also worth mentioning that when a new Ontology is being created a namespace is 
required or a Unified Resource Identifier (URI) as it is called to help allocate a concept to a 
specific Ontology.
Using the concepts and relations-PlugIn the allocation of the concepts is done in a is-a- 
hierarchy in a tree form on the left side of the frame and the relations can be seen on the right 
side of the frame. To enter a new concept (sub concept), first a concept has to be selected to 
become the superconcept of the new addition. It can be done by either pressing the “+” button 
or by selecting the “insert concept” from the context menu by a right mouse click. After the 
new item appears the user can change the name into the desired one. The name has however 
some restrictions. It s characters can only be letters, numbers and the underscore symbol, and 
the first charaeter cannot be a number.
Figure 9.2.2. Insertion o f Concepts
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To remove a concept after selecting the concept to he removed, the user must choose either 
the button of the “remove concept” choice. In accordance, to edit a concept the user must 
either press the “e” button or choose “edit concept” from the context menu. The following 
dialogue box will appear:
Figure 9.2.3. Editing concepts
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This function allows the user to change the concept ID and set the instantiation to either 
abstract or concrete depending on whether or not it allows instantiation. Another funetion of 
the OntoEdit is the ability to reorganise the concepts using the “drag and drop” method or the 
right mouse click. To insert a relation to an already existing coneept the user must use the 
right click function of the mouse on the concept tree or right click on the relations’ area and 
then choose “insert relation”.
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Figure 9.2.4. Insert Relation
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ok cancel
The range of the defined relation can vary among a built-in concept (STRING, BOOLEAN or 
INTEGER), a set of new datatypes (CONCEPTS, RELATIONS or FILE) and another concept 
of the Ontology. To remove or edit relations from the concepts the same procedure as in 
removing and editing concepts can be used. To add an instance on an existing concept the 
user must choose the concept from the concept tree, and with a right click select “add 
instance” from the popup menu. To remove an instance the user simply chooses the instance 
needed to be removed and simply chooses “remove instance”.
The OntoEdit version 2.6 offers the possibility to view the completed ontology in a graphical 
way. With the use of the Visualiser the concepts and the instances appear as shown in the 
figure 3.3.6 .5 below. The Ontology can be edited using the “Edit” button.
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Figure 9.2.5. OntoEdit Visualiser
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9.3. Text and data mining tools
In order for the Ontologies to be applied in the technologies implemented to perform the text 
and data mining, new tools need to be introduced. These tools vary according to the results 
needed and the kind of search to be done. The development and the improvement made since 
the time that such tools had not been created is remarkable. Before the extraction tools, the 
options available to extract information were limited and the choices were either the use of 
search engines, or manually surfing the web or even create custom programming. These 
methods had serious disadvantages that had to be overcome. More specifieally, the search 
engines were helpful in finding some information in the Web, but they were unable to 
pinpoint information and they could not by any means perform a search along the full depth 
of each Web site, as they eould not access in more than three levels into it. Moreover, the 
manual technique is as obvious the most exhausting, and is therefore not applicable in cases 
were there is a big amount of information needed as it is tedious and prone to gathering 
irrelevant results. Finally, custom programming apart from being costly, is also time 
eonsuming and needs constant development and update since the form the information is 
available in, changes very rapidly with time.
As a result of all the above, new tools that were working in accordance with the emerging 
needs of the search “race” had to be developed. The new generation of extraction tools is 
aiming at using a concise notation to define precise navigation and extraction rules that have
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as immediate result the radical reduction of time spent on gathering information. The result 
was the creation of a new generation of web extraction tools that intend to improve 
productivity and include all the formats that the information can be found in, so that the 
search can be integrated and more effective.
The existing search engines, can only locate the information but cannot go any further than 
matching the search keywords and the URLs. The metadata behind each Website eannot be 
distinguished according to the actual relevance of the information. After the results have 
returned, the extraction, the copy and the paste of information in another application such as a 
database have to be made manually. Whereas, the new extraction tools automate the full 
process of gathering, pinpointing and classifying data. Some of the most important criteria to 
evaluate an extraction tool are the precision and automation, the integration with Application 
Programming Interfaces (APIs), Integrated navigation and extraction, the scalability, the 
identity protection and the multi-format support (Buckingham, 2002).
9.3.1. Assessment o f dynamics
The new tools come in the form of new software developments that aim at mining the web 
and using the results to create an integrated database of information that can be used in 
various kinds of search engines. The tool that was used in this case was WebQL (Web Query 
Language) and it can provide a sustainable environment that can promote an organisation to 
create their private Web mining and unstructured data management solutions and at the same 
time create a search engine with the ability to retrieve information at very high speed. The 
actual reason for which the WebQL was designed was to automatically withdraw information 
from unstructured, semi-structured, and structured information sources in the same way that 
the SQL (Structured Query Language) does from enterprise databases. In a nutshell, WebQL 
is a software tool used for querying documents and other tabular data, transform this 
information into presentation or storage formats and also make the information available and 
efficient if used for another application in real time. The particularity of WebQl is that it is 
able to extract information from virtually any kind format and can convert it into any of the 
following formats:
HTML
Raw (Binary data)
Tab (tab delimited text file)
.CVS
.doc
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• .xls
• .txt
• .xml (with optional xls style sheets)
• database formats with ODBC interface 
(www.webal.com)
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10. Integration and demonstration
10.1. H ow o f  information
The concept of the integrated tools for the extraction and the processing of information 
available in the Web is to create a network of relationships stemming from the network of 
web sites and merging into a layer of new associations and linked between the underlying 
knowledge domains. However, it is a fact that the usefulness of knowledge, lays in the ability 
to effectively manage it. The capture of knowledge, the enrichment of knowledge through 
editing, packaging and pruning, and finally but most importantly the developing of 
technology infrastructures aiming at the distribution of knowledge. Even if this procedure is 
costly, it is still less costly than not managing this knowledge at all. The goal to improvise the 
knowledge by “getting to know it”, is the wish of every developing eompany that seeks for a 
safe way to understand what their most important employees know and how they are using 
this knowledge.
Knowledge managers are the evolution of data managers. Mapping knowledge into a schema 
is the best way to picture it and that is actually what the data managers are trying to do in their 
complex models. The main idea being to make the knowledge more easily accessible, the 
experts are using various tools to create a structured knowledge that can illustrate the 
knowledge of the continuously developing organisation (Thomas H. Davenport). This ean be 
done by using experts to create an environment capable to expand and adjust according to the 
emerging needs. Therefore, this database can be enriched every day to include new concepts, 
just as it is done in an Ontology. It is very natural thus, to use the concept of the Ontologies 
and implemented in a technological infrastructure that will be used as a web tool able to 
distribute knowledge. This web tool is nothing but an advanced technology portal that can be 
adjusted in the needs of each business or even in the needs of an académie environment.
This concept about the creation of the portal can be used in various eases as in the case of 
sustainable development. With the help of all the technologies described in Chapters 8 and 9, 
a portal demo was created to illustrate the implementation of this idea. The strueture and the 
idea was based on similar projects concerning knowledge management such as the H- 
Techsight project. By using the sustainability Ontology and the basic search concepts 
accordingly, the result was a portal that can be used to search information concerning various 
aspects of Sustainable development and to connect the scattered knowledge in the area. In the
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following paragraph, more information as well as examples of how this knowledge 
management platform works are given.(0. Barclay, Murray, 1997)
10.2. Demonstration functions.
It is most important that every theory is followed by practise, therefore it is necessary to 
improve the knowledge by implementing it. The basic aspects of the examples described 
below are strongly related to the concepts of Ontologies that can extend the basic search with 
the use of semantics. The ontology oriented search enables synonyms as well as the use of 
relationships and properties between concepts that are explained analytically in the 
demonstrations below. What is shown is the use of concept based search, the self assessment 
of search mechanisms and the automatic illustration of data as per coneept and hits. The 
structure presented in each demonstration begins with the definition of concepts as well as the 
definition of structure and relationships between concepts. Following, is the preparation of the 
ontologies and upload in the platform and finally the launch of the search.
10.2.1. Illustration 1
The case assumes a professional engineer searching information on sustainable technologies 
broadly defined by:
<♦ Environmental Incentives 
♦> Economic Incentives
Social Incentives
Support concepts such as profitability, legislation, regulations, fiseal changes and shareholder 
concern are terms related to economic sustainability, whereas, environmental conscience and 
pollutant trading are environmental incentives. Finally, the third category includes incentives 
such as employee concern, public image and long term sustainable business.
Following the structure presented the introduction above, the Ontology based search should:
i) Define the concepts used in the search as they were indicated above.
ii) The concepts follow a simple taxonomical relationship shown below:
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Figure 10.2.2.1. Concept Structure
•  Sustainability
• Incentives
• Economie
• Profitability
• Legislation
• Regulations
• Fiscal changes
• Shareholder concern
• Environmental
• Pollutant trading
• Environmental eonseience
• Soeial
• Employee concerns
• Publie image
• Long term sustainable business
iii) The third step is the Ontology development which is done using Ontoedit tool. 
Actually Ontoedit is used to create the RDF files from the concept based file and
iv) The last step is the uploading of the RDF file so that the search can be performed. 
After that the search is done using the tree diagram shown below
Figure 10.2.2.2. Knowledge Management Platform
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Results
In the figure shown above the results are 3 web pages that the professional can visit and 
therefore define their usability in terms of valuable information. In this case the 3 web sites 
are:
♦♦♦ http://www.deh.gov.au/land/management/incentives/
The first web site is a web site for Environmental Heritage as it can be seen in the figure below.
File Edit View Favorites Tools Help
L J  Search Favorites Media
Add i Q  http ; //www. deh. gov.au/land/management/incentives/
C Â IIÔ II S a s y - V / s b P r i n t '• ‘ (fijPrint L_..jHigh Speed Print lf\P rev iew  | WOptions
i |  A bout us I C o n tac t us | Pub lications I W h at's  new
   :  : :_______
Sustainable Land Management
Y o u  are  h e r e :  DEH H o m e  > L a n d  m a n a g e m e n t  > M a n a g e m e n t
| l ÿ ^ search words here ^  Search
Incentives for sustainable environmental 
management
• De:;it:iriina Incentives
• Regional Delivery Of Incentives For Natural Resource Management Outcomes
In addition to the on-site benefits of managing vegetation, many benefits of retaining native vegetation 
occur off-site andforthe benefit of the whole community. Incentives can be used to reward land 
managers for providing these services to the community. Examples of incentives include
• Cash grants, such as through the Australian Government Envirofund grants
• Measures to encourage adoption of management agreements and conservation covenants
• Taxation measures
•  Provision of training or support for farm Innovation
The web site includes detailed information on the incentives that drive a sustainable environmental 
approach as well as data about environmental authorities and publications, annual reports, relevant 
contacts and contact lists. In the site index shown below there is an obvious link between 
environmental monitoring and sustainability and when the user enters this page of information he 
comes across information on environmental quality in relation with liveability.
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This indicates the direct connection between improving the state of our surrounding 
environment and improving our lives. This is actually what environmental conscience is 
about.
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♦♦♦ http://www.wefo.wales.gov.uk/newprogs/objective2/obj2-enviroguide/pl-m2.htm
The second web site presents an environmental Sustainability Guide.
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provides consid erab ie p oten tia l to  Incorporate criteria, in cen tives and  
fac ilities  which prom ote environm ental su sta in ab ility  into financial 
support m echanism s.
Howto design and deliver an Environmentally Sustainable Project
W hen d esign in g  and d evelop ing  a project under th is M easure th e  key 
con sid eration s which shouid be taken into account include:
For Programme Managers:
K how could the financial support influence SME d evelop m en t in a 
su sta in a b le  way? E.g. are there opportunities to  influence th e
MAIN CONTENTS 
PAGE
PRIORITIES AND 
MEASURES INDEX
PRI0RITY1
OVERVIEW
H
It gives detailed information on how to design and deliver an Environmentally Sustainable 
project. There are guidelines to programme managers, project applicants, suggestions of 
targets and actions for success and even a guide with criteria scores and how important each 
category of criteria each. The theory is followed by an analytic case study that explains in real 
scale all the problems and the parameters of an actual situation. There are detailed 
information on how Small and Medium enterprises can be motivated to perform cleaner and 
better in order to achieve better living conditions and this can be done through education and 
practise.
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Selection Criteria
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♦♦♦ http://eartheasy.com/article_sustainability__possible.htm
The third web site is an article describing the value of performing according to environmental 
values and principles in order to be led to a sustainable future. The key as described in the 
article is to eliminate the existing gap between the poor environmental record and the strong 
environmental values people have. This is once more a strong connection between the value 
of environmental training and the enforcement of environmental conscience.
File Edit View Favorites Tools Help
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Environmental sustainability possib le within a generation
David Suzuki Foundation
Ottawa, Feb 5, 2004 - Canada can achieve economic and environmental sustainability within a 
generation if governments work with industry and public policy groups to address major issues  
like using water and electricity more efficiently, reducing waste and pollution, increasing 
investment in urban transit, and improving how we plan cities to curb urban sprawl, says a new 
report by the David Suzuki Foundation.
"This is neither a lofty goal nor some obscure academic idea," said Dr. David Suzuki, who 
presented the report, Sustam abiSfyV /ith in  a Generation: a new  vision for Canada, to municipal 
and federal leaders at a sustainable communities conference hosted by the Federation of 
Canadian Municipalities.
"Siistainahilitv  m e a n s  livinn within Farth's lim its sn  that C an ad ian s dnnt have tn think tw ice
There are various information on environmentally sustainable living educating people with 
simple advises on how to live, eat, play, and dress and still retain a sensitivity for the 
environment and the resources it is offering us.
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...at home with the earth.
Conserving water in the home
Simple ways to save water at home while reducing the pollution 
rist< to nearby lakes, streams and watersheds.
Illustration 2
The illustration compares results from the basic Ontology with the ones obtained by general 
types of search. We use illustration 1 as a basis and we apply Google using the same terms we 
entered in the Ontology. The result was to come across an extraordinary number of web sites 
that are impossible to be seen and discussed due to their huge number and the only obvious 
similarity is that the first result given by the Google search is the same as the one from the 
Knowledge management Platform. The second result has moved down in the queue of google 
and only appears in 59* position and the third result is not even in the first 100 results.
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The above example compares the knowledge extracted from a tool such as the platform 
described and a classic search engine such as Google. It is proven that what used to be a 
simple search in the internet, is now actually an analytic improved search that can guarantee 
relevant information. Google is a search engine offering the advantages of a general search
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with a huge amount of results that cannot guarantee relevance to the search. What is of most 
value in the information gathered from the knowledge management platform is their dynamic. 
The information returned in each search is updated every time the web site is updated. This 
means that the ontology based searched can be performed many times and the new results will 
update the ontology terms and concepts with more popular and more accurate terms.
Illustration 3
The illustration demonstrates self-assessing mechanisms to upgrade ontologies, the 
understanding of the domain, possible misinterpretation of the domain, and consistency 
between the Ontology description (user input) and the actual domain resources (web 
documents available on the web)
Illustration is revisited and for a different angle of results, it is chosen to perform a search 
using both the restriction of an Ontology and a URL address that needs to be connected to it.
Figure 10.2.5.1. Suggested concepts for insertion
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This is done via a toolbox search that gives the two options to the user and aims at classifying 
this information and once again giving the results and the terms suggested for insertion and
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deletion. The test show in the figure below was performed using the first web site given as a 
result in the knowledge management platform search.
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The results shown this time include a list of the concepts of the Ontology found in this URL 
in descending order of relevance, as well as presenting their connection with each term found 
in the web site. Since the URL address is already defined, this tool only presents the concepts 
and terms suggested for insertion or deletion in the Ontology.
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The knowledge management platform offers the ability to insert the complete Ontology of 
Sustainability that can be found in Appendix and view results of either the whole ontology or 
parts of it in order to specify the value of the results
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Illustration 4
In order to better comprehend how the platform works we can see another example where a 
student is seeking information on groups working towards sustainable development from 
which he can obtain more information needed to complete an essay. The concepts he needs to 
relate and in this way he builds step by step the tree diagram that will form his small ontology 
as shown in the figure below.
• Sustainability 
• Groups
• International forums
• Networks
• Committees
• Organisations
• Governmental
• Non-governmental
• University programs
• Research groups
More specifically he needs to find information on Research groups that can offer him 
academic related knowledge.
Results
After uploading the Ontology in the knowledge management platform, we have the results 
shown in the figure below.
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In this example the difference is that as it can be seen in the number of the results next to each 
concept there are 8 URL addresses found for the concept “group” and 4 more results under 
the research groups. The student enters the 5 web sites to check on their relevance and the 
information they can offer him.
The 4 URL addresses are:
<♦ http://www.york.ac.uk/depts/eeem/research/resgroup.htm
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Environment Department
Departmental Research Groups
The three departmental research groups are:
O Biodiversity and Habitat Fragmentation Group
G System Dynamics, Uncertainty and Sustainability Group 
G W A t l a n d  a n d  C o a s t a l  Z o n e s  G r n o n  .
The first web site is a link from the University of York to the research groups of its 
Environmental department. There are information about the group of System Dynamics, 
Uncertainty and Sustainability. Its basic area of research is modelling the sustainability of 
dynamical, risk and hazard in environmental management as well as the identification of 
policy instruments for the sustainable management of environmental resources.
♦♦♦ http://www.loka.org/pages/others.htm
This web site includes information on a United States organisation that performs researches in 
various areas as illustrated helow. There are 3 research groups covering the areas of 
sustainable energy, environmental sustainability and sustainable communities. This 
organisation site offers in each of the categories links to research groups, organisations and 
development centres related to research on sustainability and environmental conscience.
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The groups below  m ay or m ay not b e  affiliated with Loka, but all the links offer resou rces for dem ocratizing  
sc ie n c e  and technology. Foryour conven ience, the list h as b een  organized by issu e  areas.
P le a se  note that additional listings of organizations which do community research  work in resp o n se  to 
community concerns or initiatives are in the Com m unity R esea rch  Network D a tab ase .
Jump to the following:
►A griculture ►G ender
►Alternative E conom ics ►Health
►A lternative/Sustainable ►Law: Science, Information and  T echno logy
E nergy  ►M iscellaneous
and  T echno logy  ►P eace, D isarm am ent and  D efense C onversion
►B io technology  ►R ace
►Civics and  D em ocracy ►Science , S cience Policy, N ew s and  Information
►C om m unity R esea rch  ►Science , T echno logy  & Society
G roups & O rganizations ►S usta inab le  C om m unities
►D irectories ►Telecom m unication  T echno logy
►Environm ental ►Third World and  International Is su es
Sustainability  ►Work
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Alternative Energy & T echnology
Groups
►Center for Alternative T echnology, one of Europe's forem ost eco -cen tres.
►C enter for N eighborhood T echnology, promoting public p o lic ies, new  resou rces and accountable  
authority which supports sustainable, just and vital urban com m unities.
►Intermediate T echnology D evelopm ent Group - ITDG. an international developm ent a g en cy  and British- 
registered  charity which works with rural com m unities in Africa, A sia and Latin Am erica.
►Maximum Potential Building S y stem s Leading sustainable architects.
►National Center for Appropriate Technology, finding solutions that u se  local resou rces to a d d ress  
problem s that fa ce  all A m ericans, especia lly  society 's m ost d isad van taged  citizens.
►O cean Arks International P ion eers in creative paths to sustainability.
►P e o p le  in Action for a Better World Provides links to p a g e s  and new sgroups on: alternative technology, 
alternative/renew able/sustainable energy (solar, wind, geotherm al, hom e power, electric/solar cars), 
alternative/sustainable architecture and recycling.
►Rock\/ Mountain Institute A leading think tank on alternative energy policy and technology and on 
sustainability.
►S w ed ish  National Institute for Working Life S w ed en 's R&D centre for occupational health and safety, 
working life and the labor market.
►Urban Options offering guidance and serv ices for m anaging h om es and yards in m ore energy efficient, 
ecologically  sound, and healthy w ays.
................................    ItHE5I5.2 - Microsoft Word I.........................................
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Environment Sustainability
Groups
►Citizen C learinghouse for H azardous W aste
►European Foundation for the Improvement of Living and Working C onditions, m aintains a d a ta b a se  of 
organizations working for sustainable developm ent.
►Institute for D evelopm ent R esearch  - IDR
►Institute for Local S elf-R elian ce , provides technical a ss is ta n c e  and information on environmentally 
sound econ om ic developm ent strateg ies.
►Natural R eso u rces D e fen se  C ouncil. Environmental politics and law updates.
►NRM chanoelinks. A useful source for natural resource m anagers and others working to help 
com m unities identify and adopt m ore sustainable natural resource m anagem en t p ractices.
►Riaht-to-Know Netv^fork (RTKnetl
►Rocky/ Mountain Institute A leading think tank on alternative energy policy and technology and on 
sustainability.
►Schum acher C ollege is an international centre for eco log ica l stud ies which w e lco m es course  
participants from all over the world, from a w ide range of a g e s  and backgrounds. The C o llege  runs 
short residential cou rses on eco log ica l is s u e s , led by teach ers and writers with an international 
reputation for the sign ificance and originality of their work. It a lso  runs a one-year M Sc in Holistic 
S c ie n c e .
►Silicon Valiev T oxics Coalition
►Toxics U se  Reduction Institute, providing research  and training in the reduction of the u se  ch em icals
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Sustainable Com m unities
Groups
►B aaelH ole.org is an interactive sp a c e  to share and collect low-tech, alternative, susta inable information 
to help individuals and com m unities b eco m e  more self-reliant, self-sustainable, and autonom ous.
►Institute for Community R esearch
►The M innesota D esign  T eam  The D esign  Team  a ss is ts  com m unities in planning and design ing  a 
viable, appropriate future that reflects the dream s and interests of the community.
►Institute for Local S elf-R elian ce , provides technical a ss is ta n c e  and information on environmentally 
sound econ om ic developm ent strateg ies.
►The Schum acher S ociety
►Sustainable Development-ONLINE is a w eb site  of the European Foundation for the Improvement of 
Living and Working Conditions.
►The Institute for Sustainable Com m unities (ISC) has b een  doing goo d  work sin ce  1987 , conducting  
trainings and w orkshops in developing countries regarding socially  and environmentally sustainable  
practices.
Ie lecom m u n ication s T echnology
The web site offers information gathered and classified and a small description of what kind 
of information each link includes. All the groups are strongly related to efforts towards 
sustainability so the student comes across some quite useful information.
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http://www.em.csiro.au/em/aboutus/researchgroups/
The third web site includes information concerning sustainable mining. It offers information 
about issues concerning health hazards and how they can be avoided in a mining process and 
also the integration of social and environmental management in order to lead towards a 
sustainable future.
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of environmental science, mainly associated with mining 
jactivities.
R o c k  Cutnno & ; Design, manufacture and testing of rock cutting tools such as 
iDnllino : picks for rock excavation, saw blades for the quarrying and
lTechnoloai== dimensional stone industries and drill bits for mineral 
exploration, mining and gas drainage operations.
ustainabln
iinir
Research on sustainability issues which assist mineral and 
energy companies to protect/enhance their licence-to-operate 
in exploration and mining. These areas are safety& health, 
environmental management and social integration.
Research to assist industry in the identification of prospective 
terranes, the discovery of giant high-grade resources and to 
evaluate these resources through developing knowledge of 
geological processes of ore formation; as well as the 
development of new exploration concepts and techniques.
STAFF KEMBERS V/EB PAGES
Our Industry 
Our Peoole 
W here W e Work
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Sustainable Mining Research Group
The group focuses on sustainability issues which assist mineral and 
energy companies to protect/enhance their licence-to-operate in 
exploration and mining. These areas are safety&. health, 
environmental management and social integration.
< http://www.gees.bham.ac.uk/research/
Finally, the 4* web site is an academic research web site that includes detailed information 
and links to all the research groups of the University along with detailed descriptions for each 
one of them.
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Research within the School embraces a diversity of science, social science and humanities j 
approaches inherent to our wide range of disciplines and aims to respond to the research 
challenges that underlie Earth systems' sciences and the economic, social and cultural aspects of 
local and global development. Collaboration between the thematic research groups within the 
School is actively encouraged and there are strong links with other researchers elsewhere in the i 
University and with external bodies.
The School's staff attract funding from a wide range of sources, including the UK Research i 
Councils, such as the Economic and Social Research Council (ESRC) and the Natural I 
Environment Research Council (NERC), national organisations, such as the Environment Agency : 
and European and other International bodies.
___ _ __............ .. . . . 1 2
More specifically, it includes information about various research areas such as social 
development and planning, earth and environmental systems and environmental health and 
risk management.
Illustration 5
Once again the terms from illustration 4 are used to compare the results with general search 
results. The outeome from the comparison with google results are shown in the figure below.
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www.scotland.gov.uk./cru./resfinds/erf13-00.asp - 18k - Cached - Similar oaues
(PDF) Environment G roup R esea rch  P rogram m e 2 0 0 2 -2 0 0 3
File F o rm a t;  PDF/Adobe Acrobat - View  as HTML
... September 2002) EN VIRO NM EN T G RO UP CO RPORATE Environmental... environmental problems, 
susta inab le  development, wildlife ... from the R esearch P ro g ra m m e in 2001-2002 ... 
www.scotland.gov.uk/library5/environment/egrp.pdf- Similar paoes 
[ More results from www.scotland.giyv.uk ]
U N E P  re sea rch  a n d  network programmes
... that apply to the U N EP -W G -S PD  Research P ro g ra m m e. ... find information on the Working 
G roup and around ... related to product, environment and sus ta inab ility  issues. ...
www.co-design.co.uk/unep.htm - IB k  - C a c h e d  - Similar oaues
R esea rch  P rogram m e Group
The results appearing in the knowledge management platform are not the same with those 
given by the google search. Unlike the previous example where the first result was the same 
and the second result appeared in a later position, in this example none of the results is the 
same and the relevance of the google search with research groups related to sustainability 
cannot be guaranteed.
Illustration 6
In this case also to new concepts and terms need to be found and add in the small ontology, 
enrich it and perform again the search using the platform. Thus, he uses the toolbox that was 
used in the previous example. It provides him with possible new concepts for his ontology 
which could be inserted and give better and more results in every new search.
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The above methods of search have advantages but also disadvantages. An obvious advantage 
of the first method is the ability to trace the results and classify them and this gives more 
concrete information according to the size of the ontology searched. This advantage however, 
can also be considered an obstacle especially if the case is that the user performing the search 
does not have deep knowledge on the area. In this case the large amount of information can be 
confusing and difficult to manage. This can be solved with the second solution which uses a 
URL address that we need to correlate with the Ontology in order to get results from one web 
site only. In both cases the person interested can view a series of results showing the concepts 
of the ontology met and which specific term they are related to.
The outcome is that the traditional methods of search using machines such as google can no 
longer be considered an optimum solution when a multi-criteria search needs to be done. The 
big number of results with no proven relevanee cannot be considered a success but wastes the 
time of the user who is obliged to check only a small part of the huge amount of information 
and either find a small amount of relevant feedback or be disappointed after a short search and 
abandon. The basic difference between these search machines and the platform is that the 
knowledge given by the latter is already managed whereas in the first case the knowledge is 
offered scattered and unorganised.
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10.2.6. GATE Implementation
In addition to the knowledge management platform described above, the concept of the 
effeetive and integrated web search according to specific parameters has boosted the 
development of more tools specialized in this function that are performing under a slightly 
different procedure. GATE is a software developed in the University of Sheffield in 1995 and 
sinee then it has been used in many research and development projects.
What is included in GATE is resources for eommon Language Engineering data structure, 
such as documents, eorpora and annotation types as long as a set of language analysis 
eomponents used for information extraetion. GATE supports XML, RDF, email, HTML, 
SGML and plain text and when used, converts the format into a single unified model of 
annotation.
In the figure below, the main page that includes the GATE functions is shown. The user can 
add a document and annotations that are related with this doeument and need to be specified 
in the search. The annotations ean be seen on the right side eolumn and the various functions 
of the software on the left side eolumn. In the figures that will follow it must be noted that 
although the web sites used belong to the list of sites that the Web QL (as deseribed in 
previous chapter) has retrieved for the concepts of the Sustainability Ontology, the parameters 
set in GATE come from the Employment Ontology, created and used by the h-Techsight 
group of the University of Surrey.
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Figure 10.2.6.1. GATE Main Functions
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After developing the Ontology and the search annotations, a task performed not by the user 
but by the developer, the user can use GATE in the form that is shown in figure 10.2.5.2 
below.
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Figure 10.2.6.2. GATE user view
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The user can be lead to this page from the main menu of the knowledge management platform 
that was described above. In the main part of the page the user enters the web page that he 
wishes to search in the space provided marked with Enter URL. Below there are the 
annotations chosen to specify the search and the user has the option to choose one or more of 
them in order to perform a more or less restricted search. Using the RUN GATE button the 
software retrieves the results. The results are presented below the annotations selection and by 
pressing the GATE Result Analysis button. (www. gate.ac.uk)
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11. Conclusion
The paragraph “Feedback on the Consultation” confirms that this study provides a 
representative consensus of current views, in Europe, of priority areas in sustainability. Some 
important conclusions came out of the results of the consultation described above.
The most effective way of stimulating reduced pollution is to rebalance the taxation system in 
favour of low pollution processes and products. Significantly less effective is the European 
Integrated Pollution Prevention and Control legislation, and the use of tradable permits to 
release pollution. No other incentives have a significant individual effect. This conclusion 
cannot be implemented directly without collaborative work between Economists and 
Engineers. There is an extensive range of publications in the Economics literature on fiscal 
incentives for sustainability (mainly in the area of reducing pollution). However, there seem 
to be none that understand the cause/effect relationships in the industry, or which understand 
the constraints imposed by considerations such as stoichiometry. There needs to be 
collaborative work to establish a practical fiscal framework, which would enable the countries 
of the European Union to move forward. Although the predictions of pollution reduction 
achievable can only be taken as qualitative, it is clear that substantial advances can only be 
achieved with a revised fiscal/regulatory framework.
Further R&D needs to be undertaken in tools supporting improved sustainability. The priority 
areas for research are Computer-Aided Molecule Design (CAMD), Integrated Product and 
Process Design, Process Synthesis, and Industrial Ecology and Symbiosis. Moreover, further 
R&D needs to be undertaken in technologies that may improve the sustainability of the 
chemical process industries. Of the many technologies deserving research, the following were 
prioritized: Highly Selective Catalysts, Fuel Cells, Process Intensification, Supercritical 
Separation and Reaction, Solar Cells, Bulk Chemicals fi*om Renewables, Novel Chemicals, 
Microbiological Processes, Design for Recycle, and Economic Small Scale Processes. These 
two conclusions lead directly to R&D funding priorities. The tools and technologies that need 
to be developed further to deliver a sustainable future have been identified.
The team was not selected for their competence in social matters. (Within the limited 
resources, it was not practicable to broaden the study). However, within the limits of the 
experience available to us, it was felt that none of the proposals considered would make any 
significant impact on the social aspects of sustainability. The conclusion on the social 
dimension of sustainability also highlights that a more broadly based collaboration is
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required. In this case, workers with specific expertise in the social aspects of sustainability 
need to work alongside economists and engineers with a detailed understanding of the 
industry to identify problems and opportunities.
There should be no research focused on web tools specifically for sustainability. However, 
many of the tools and technologies relevant to sustainability need to be more widely known 
and understood. The WWW is one of the channels for making such information available. 
There is a need for enhanced communication channels between workers in the wide range of 
disciplines that support sustainability in the process industries. However, this enhancement 
should be achieved by providing stronger links between existing networks, not by creating 
another network. Existing networks include those run by the various professional institutions 
in Europe. Such a network could also support an open-access Web Site such as the one 
described, with links to commercial and professional sites. Conclusions on communications 
indicate that the European Union could facilitate substantial advances by relatively modest 
funding to enhance and integrate existing networks.
The last chapters describing in detail this idea can become the beginning of a new era where 
sustainable development will become a wide area of valuable knowledge. By achieving to 
manage this knowledge, using all the above tools and methods and by continuous efforts to 
invent new and more effective ones, a new dynamic scientific domain is being created and is 
ready to receive knowledge and experience that will lead to its gradual integration. This is 
actually what is being proposed for the continuation of this research, more experimentation on 
the area of Ontologies as inputs in the Knowledge Management Platform can give a more 
solid case on the dynamic form of the information mined with the help of these tools. A future 
step would be the construction of a more detailed Ontology which will include more concepts, 
more instances and will have more levels of information in order to be able to perform a 
detailed search if input partly or as a total of concepts. Ideally, once the platform is working 
properly this will offer complete and structure information on all the domains of 
sustainability, creating at the same moment a database open to common use. This database 
though will have a particularity. It will grow, evolve and update in every new search, taking 
new concepts from the new or updated web sites texts, deleting the terms not used and 
therefore improving along with the web information improvement and enrichment. When we 
come to this point, and this can be applied not only for the concepts of sustainability but for 
any scientific field, we can claim to have achieved the “sustainable knowledge”.
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Appendix 1 . round Delphi Study
SUPREME
Sustainable Production and Growth for the Chemical
Process Industries
A Delphi Consultation.
Purpose.
This consultation is designed to elicit the views of a representative cross section of people 
working in industry, academia and other professional areas concerned with the chemical 
process industries. The objective is to provide the European Union with advice on the most 
effective ways of promoting sustainable growth in these industries. A particular concern is to 
disseminate best practice and prioritize areas of research and development which may be co­
funded by the EC. We are not presupposing that any course of action would be the best. The 
consultation is based on topics raised in a number of helpful discussions with senior 
industrialists and academics. We do not expect every partner in the consultation to have a 
view on every topic raised. Please feel free to omit answering any question which you feel 
would take an excessive amount of your time to research. We have tried to make responses 
easy by requiring just a tick against the answer you consider to be most appropriate. We hope 
that the responses will require not more than 30 minutes of your time. We have put 
supporting text for each question giving some of the pros and cons. However, you can skip 
the text and go straight to the questions if you prefer. Each question has a hyperlink back to 
the relevant supporting text, and each section of text has a hyperlink back to the next question. 
In this way, we hope that you can traverse the document with the minimum of time and effort.
We are allowing up to two weeks to receive your responses. We will then analyse them to 
ascertain where there is consensus, and where there is a divergence of view. We will send out 
a second version of the consultation informing you of the spread of responses and the 
arguments for extreme positions. This information will give you the opportunity to revise 
your views, if you consider it to be appropriate.
We do not expect to have asked all the right questions in the most appropriate way. Please 
feel free to criticise any question and to advise of us of any further points that you feel should 
be raised.
If you want to go straight to the questions, please follow the hyperlink here.
We start by giving our definition of sustainability (there a great many in the literature). We 
then give text describing each of the questions that you will find at the end of the document. 
The text and questions are grouped four broad headings: (1) Incentives for sustainability, (2) 
Tools and methods to help design and operate sustainable processes, (3) Technology that will 
be important in the new generation of more sustainable processes, and (4) sources of 
information and other topics.
Throughout the document, where we ask for “reduction in pollution”, we ask for your 
judgement of the sum total of pollutants discharged to air, water and landfill. We include 
pollutants that are incidental to the production of energy. We are not differentiating
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individual pollutants in a broad survey of this type. We do not include cooling water as a 
pollutant; if energy input is reduced, cooling is automatically reduced. We can expect no 
more than rough estimates. Consequently, each tick box covers a wide range of possible 
answers.
Sustainability.
A sustainable industry is one that is capable of operating indefinitely and providing a good 
standard of living in a healthy environment. Sustainability has three interlinked strands:
Economic. The industry should earn sufficient profit to pay its costs (materials, personnel 
etc) and make a return sufficient to replace obsolescent processes and products with new 
processes and products.
Environmental. Industry should only discharge to the environment quantities and types of 
materials that can be absorbed indefinitely without ill effect. Industry should use only 
quantities and types raw materials that can be renewed indefinitely by natural processes.
Social. Industry should provide a safe and rewarding environment for its workers. Industry 
should not pose hazards to people not working in its employ, and should provide products and 
services that enrich their lives (directly or indirectly).
In this consultation, we are addressing primarily people with technical responsibilities and we 
do not have the expertise to make a major contribution to the debate on the social role of 
industry. Therefore, we concentrate primarily on the economic and environmental aspects of 
sustainability. We have not separately addressed energy efficiency. When we ask you to 
consider pollution, we ask that you also consider pollution from producing energy used by 
processes and products.
Incentives to Sustainability.
You will note that, in most cases, the questions are hypothetical. Thus, we ask for the effect 
of a single measure. We appreciate that, in practice, there will be a combination of measures 
which will not be simply additive in their effect. However, we want your judgement of the 
effectiveness of individual measures.
Sustainability Metrics
There are a variety of metrics that have been put forward to give investors (and others) an 
overall picture of the sustainable performance of companies. We are asking for the integrated 
effect of these measures, including both companies that subscribe to them and companies that 
do not. The only quantitative estimate that we require is for pollution reduction; social 
performance is more difficult to quantify. We ask about individual metrics and the integrated 
effect of all metrics. There is uncertainty as to whether companies report these metrics to 
register their good environmental performance, or whether the desire to be listed favourably 
forces companies to improve their environmental performance. If you believe that the metric 
forces improved performance, and not just reflects it, answer “yes” to the relevant questions. 
(If you tick “no” ignore the remaining 5 columns).
Profitabilitv
Profitability is, in itself, a driver for sustainability. In principle, reduced waste reduces 
production costs as well as improving environmental performance. If you believe that 
profitability alone is a significant driver, tick “yes”.
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Legislation and Regulations
The European Union (and individual member states) have a range of legislation covering 
environmental, safety and social factors. Here we will consider just the legislation covering 
pollution control. The principal measure is the Integrated Pollution Prevention and Control 
(IPPC) legislation and supporting regulations, including the Best Available Technique (BAT) 
for minimizing pollution. The legislation sets minimal acceptable standards of performance, 
which should be regularly updated in response to improved techniques and improved 
understanding of pollutants. A criticism is that the bureaucratic system is inevitably 
expensive to operate and slow to respond. The timetable allows up to 15 years from initiating 
regulations to final enforcement (allowing time for consultation and appeals). We ask, here, 
the same question as for profitability but are more confident of a “yes” answer because the 
regulations are backed by law.
Fiscal Changes
A number of countries tax releases of pollutants (for example, acid gases). In Europe, the 
retail price of most products is approximately 50% tax (if you count not only the direct taxes 
on companies, but also compulsory employee health insurance payments and taxes collected 
from employees before paying them their “take-home” salaries). Some of this taxation could 
be shifted to taxing releases of pollutants. We will consider only the hypothetical extreme 
case of shifting 100% of the tax burden to pollution charges. The net result would be that 
polluting processes and products (such as electricity production from coal-fired power 
stations) would approximately double in cost and non-polluting process (such as electricity 
from wind power) would approximately halve in cost. Low pollution processes and products 
would suddenly become cheap and highly profitable, whilst high-pollution products would 
become expensive and uneconomic. No government would make such a big switch, but you 
are asked to judge the effect on release of pollutants of this extreme change.
Environmental Conscience
All senior decision-makers in the chemical industry live in the same world as their customers 
and employees. Their children and grandchildren will also live in the same world. Is concern 
for the wellbeing of future generations sufficient for these decision-makers to put 
sustainability before short-term profitability? This question is asked in isolation from any 
outside pressures. Thus, even if there were no green pressure groups and no regulations and 
incentives, would concern for the planet alone cause decision-makers to put sustainability 
before profit?
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Shareholder concern
There are now “ethical” pension funds, insurance funds and other investments. Apart from 
the deliberately ethical investments, many investors choose to favour companies that they 
judge make efforts to reduce pollution and treat their employees with respect. Such investors 
are prepared to receive a lower rate of return in exchange for the knowledge that the 
companies they support are concerned with the environment and with human rights. 
Correspondingly, companies with such a favourable record find that they can raise money 
from investors more easily. Thus, shareholder pressure can encourage companies to follow 
more sustainable policies. It is a matter for your judgement whether this pressure is 
sufficiently widespread, or effective, to make any discernible difference in company 
performance. (We are concerned here with actual changes in behaviour, such as sustaining 
lower profit margins to reduce pollution and providing industry-leading conditions for 
employees. We are not concerned simply with production of glossy reports). The question 
relates only to the pressure brought by shareholders, not by the concerns of customers and 
employees (which we cover later). It is also a matter for your judgement whether such 
pressures will increase over time, or whether the enthusiasm for ethical investment will wane. 
The following table covers both human rights and environmental performance.
Emnlovee Concerns
People like to work in clean, safe organizations. Employers who wish to retain the best staff 
may make their business more attractive if it is seen to offer safe working conditions and to 
have minimal deleterious effect on the environment. This question covers everyone working 
for the company, including senior directors. Salaries account for a significant part of 
production costs (although a lower proportion in the chemical industry than most other 
industries). Therefore, as well as asking the question about pollution, we ask whether 
employees (including directors) are prepared to accept less pay in order to support more 
costly, but safer and less polluting, processes.
Customer Concerns
No company can sell a product that the customers will not buy. Do customers have a major 
impact on environmental and human rights priorities? Are customers prepared to pay more 
for products made in factories which respect for human rights and which have less polluting 
products and processes? The question again asks whether customer pressure is likely to force 
companies to reduce pollution further. It is well known that some customers will pay more 
for less polluting products. The question here is whether, in your judgement, sufficient 
number of customers are prepared to pay that they stimulate companies to produce low- 
polluting products in low-polluting processes. Also, will that pressure continue, and will it 
increase.
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Public Image
Does the desire to be known as a responsible company stimulate environmental and human 
rights concerns? Here we are concerned at general public perception, excluding shareholders, 
employees, customers and others perceived as direct stakeholders in the company. The public 
image of a company can influence whether local government looks at the company 
favourably. It can effect whether the company gets permission to expand or alter its business, 
or even whether access to sites becomes restricted. The question is whether, in your 
judgement, public image is a major driver in stimulating companies further to reduce 
pollution.
A long-term sustainable business
A number of companies consider that they will only continue to exist if they operate a long­
term sustainable business. Thus, they feel that the long-term trend is towards lower polluting 
processes that employ renewable raw materials. If they do not move their businesses in that 
direction, their operations will become obsolescent and unsustainable. Here we are concerned 
with longer timescales than are normally focused on. Thus, we are considering 20 to 50 year 
timescales. Companies may take the alternative view is that, if they are to have the capital to 
build new up-to-date processes in future, they need to maximize profits now. Thus, they 
should spend no more on pollution reduction than is required to meet current (and 
immediately anticipated) legislation. In your judgement, are managers concerned with their 
business over very long timescales? Does this concern stimulate managers to prefer low- 
polluting process alternatives (even when they may be less profitable in the medium term)? 
Again, we are asking for your judgement on this stimulus alone, independent of pressure from 
outside stakeholders or general concern for the environment.
Pollutant trading»
Carbon-dioxide release trading has been introduced to limit releases on a world scale. The 
idea is that year-by-year the quantity of release permitted will be reduced. In this way, we 
will achieve a steadily improving environment. Can this approach be extended to other 
pollutants? The benefits are that, once the permits have been issued, very little input is 
required from government apart from checking for compliance. Criticisms include the 
observation that checking compliance is the most expensive part of any pollution control 
system. Furthermore, the initial issue of permits to trade can reward currently irresponsible 
operators at the expenses of those who already have very low releases. With multiple 
pollutant trading there are further difficulties. In particular, raw material composition and 
process stoichiometry determine the proportions of pollutants produced. Permits would be 
required giving permissions in proportion to the inevitable release proportions. If one permit 
were missing, the others would be useless. This type of constraint would make permit trading 
a difficult and expensive task.
Tools for more sustainable processes and products.
In the first section we considered the incentives that may be driving the chemical process 
industries in the direction of sustainability. In order to respond to those pressures, it is 
necessary to take one of the following actions: (1) modify the operation of existing processes, 
(2) design and build better processes, or (3) develop better products. Some improvements 
may come from pure invention. However, most improvements require a methodical approach 
to identify what, with benefit, can be changed. Here we ask your opinion on the tools that are 
available and the additional tools that may be needed.
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We will consider only tools and methods that address the problems of profitability and 
improved environmental performance. There are equivalent sets of tools considering safety 
and other operability issues. We will briefly describe the tools and methods that are variously 
being applied or have been proposed. We divide the section into two parts, tools that employ 
software and tools that built on human endeavours alone. The software tools all, of course, 
also require intelligent human operation. (We talk of Computer AIDED Process Engineering, 
not Computer DONE Process Engineering). Some of the tools/methods do not fit neatly into 
one heading or the other.
The tools/methods considered are:
A) Systems primarily employing human ingenuity.
Stakeholder dialogue. This approach assembles the principle suppliers and users of a product 
and critically reviews its environmental impact from raw materials to the disposal of 
decommissioned process or worn-out product. It is expensive in human time, but can reveal 
that a quite different product used in a different way would achieve the same result with less 
environmental impact.
Environmental Management Svstems (EMS). for example ISO 14041. A standard method of 
recording all environmental impacts can focus attention on those processes and products that 
need to be improved. Such a formal disciplined method of reviewing operations can eliminate 
practices that can give excessive releases.
Environmental Critical Assessment and Waste Minimization Methodologv. These are both 
panel, or team-based, exercises. Both give a formal step-by-step method of identifying wastes 
or pollutants and determining how they can be reduced. The former is closely similar to a 
Hazard and Operability (HAZOP) analysis. Every stream and step in the process is critically 
reviewed to identify sources, or potential sources (for example inventories), of pollutants. 
Any possible upset condition that might release the pollutant is identified and steps proposed 
for eliminating or minimizing the potential hazard. The Waste Minimization methodology is 
described in the IChemE “Waste Minimization Guide” which was initially developed from 
US Environmental Protection Agency Guidelines. Although having different origins, much 
of the methodology is common to both.
Eco-check. This method was independently developed from established stakeholder 
consultation exercises. It may be looked upon as integrating stakeholder consultation with 
Environmental Critical Assessment. Thus, it incorporates formal methods of identifying 
potential (or actual) environmental releases at every step of the product life cycle from raw 
material to final disposal. It stimulates suggestions for reducing or eliminating releases. The 
suggestions are later more formally analysed and costed to rank their priorities.
Industrial ecologv and svmbiosis. Industrial Ecology is a system-oriented approach that seeks 
a balance between industrial systems and natural ecological systems. Industrial Symbiosis is 
the methodology that is employed within the general framework of Industrial Ecology; it 
includes the environmental cost in the production and consumption processes. It stimulates 
industrial clusters or “eco-industrial” parks, in order to maximize the use of co-located 
operations, which can reuse the wastes of one process as "raw" materials for another.
B) Computer-based methods.
Process Simulation. Enables hypothesized designs to be evaluated in detail. Unlike motor 
vehicles and aircraft, chemical plants are large one-off investments. The performance cannot 
be checked by building a prototype. Computer simulation enables the environmental and 
economic performance to be assessed. Dynamic simulation also enables unsteady conditions 
like start-up to be analysed, and intrinsically unsteady processes (such as batch or semi-batch 
processes) to be studied.
Process Optimization. Builds on process simulation to optimize process design and operation. 
By restricting the optimization to controllable variables such as pressure, temperature and
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flowrate, existing plant operations can be optimized. These optimizations can be undertaken 
off-line, or can be incorporated into on-line optimizing control. By extending the 
optimization to include design variables such as unit sizes and shapes, design optimization 
can be achieved. Optimization can maximize profitability or minimize release of pollutants. 
It can also achieve a desired optimal balance between profit and pollution.
Process Svnthesis. Process Synthesis extends optimization to include discrete variables, such 
as number and sequence of operating units, choice of extracting agents, and selection of 
recycle streams. This optimization is more time-consuming and may employ simplified 
models aimed at identifying promising structures, reactants and extractants. Once the process 
topology has been identified, conventional simulation and optimization can be employed to 
fine-tune the design. The software addresses the problem that, even for apparently simple 
processes, there are hundreds of millions of variants that could be made to work. It is not 
practicable for the human designer to look at more than a dozen or so in any detail. An 
automatic tool that picks out promising candidate processes can increase quality and reduce 
time.
Process integration. Sets targets for Energy and Waste minimization using "pinch 
technology". Related methods have been extensively employed to reduce energy 
consumption; sometimes by large percentages.
Computer-Aided Molecule Design (CAMP). The primary goal of the chemical process 
industries is to sell effects; it only incidentally sells chemicals. The desired effect may be 
solvent action, detergent action, refrigeration etc. CAMD provides tools to design molecules 
with desired effects and, at the same time, to eliminate undesired side effects. For example, it 
can design a chemical that has a desired solvent action, but avoids ozone depletion and certain 
toxic properties. CAMD thus complements human ingenuity in developing new, effective 
products. In your judgement, does CAMD have a significant role to play in sustainable 
development?
Integrated Product and Process Design. The objective is to design both the product and the 
process in one pass. The integrated environmental impact of both can then be assessed. The 
approach can be supported by computer tools that combine CAMD and Process Synthesis.
Lifetime optimization. Conventional optimization does not take into account the wear and 
tear on a process resulting from load changes, or operation under extreme conditions. This 
tool enables an effective compromise to be struck between instantaneous profit and long plant 
life. It optimizes with constraints on wear and tear.
Eco-efficiencv. Software permits rapid assessment of the Life-Cycle environmental impact of 
a process, backed by an extensive database of environmental impact information. It is 
capable of focusing on those elements critical to environmental performance and assists the 
designer to select the best compromise between profitability and pollution.
Supplv-chain simulation. Software can simulate the cost and stability of a whole supply 
chain. Clearly, the simulation of the various parts does not have the accuracy of process 
simulators. Nevertheless, it tackles the whole production and supply network, which cannot 
be done by individual models.
Supplv-chain optimization. These tools help design the whole supply chain, not just the 
manufacturing process.
Databases. Process design and operation requires extensive data. Physical and chemical data 
are needed for design of the most profitable processes. For sustainability, this data must be 
backed by environmental impact data. A database giving design principles and references for 
less familiar unit operations may also be of value (for example, see “process intensification in 
next section).
Web tools supporting collaborative working. Process design is a team exercise involving 
professionals of many disciplines. Web tools that support remote team working facilitate best 
use of available talent.
Web access to environmental and design data. For organizations that cannot justify the cost 
of exclusive access to a database, web access may be an attractive alternative.
Web tools to access computational methods. Design engineers routinely employ up to 300 
software programs to assess all aspects of plant performance, profitability, safety and
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environmental impact. A web tool that allowed access to the relevant computational methods 
could be of considerable value, particularly for smaller companies.
In the table, you are asked your opinion on the value of each of these tools and methods. You 
are asked whether each tool is needed at all, whether the tools are already adequate for the 
job, whether they are sufficiently accessible, and whether further work is needed to make 
them practically useful.
Technology
The tools and methods described above result in an efficient way of deploying known 
technologies. However, the results achieved depend on the technologies that the designer has 
already considered using. Some workers believe that there is a need to place more emphasis 
on novel process technologies, or to reconsider underused technologies that have potential for 
reducing environmental impact. A combination of better technology and better tools may 
give an overall worthwhile improvement. This section also considers revised approaches to 
the whole design basis. You are again asked whether, in your opinion, these technologies are 
useful, are already well-known, need to be better known, or need further research before they 
can be employed with confidence. We briefly describe the basis of each question in turn.
We start by asking whether any new technologies are needed at all, or whether the 
technologies are already sufficiently well known. If you believe that they are sufficiently well 
known, then advances can be achieved simply in response to new regulations and an 
economic environment that encourages sustainability.
Technologies mentioned bv industrv experts include:
Design for recvcle. A new approach to product design should include the provision of recycle 
facilities at the end of its useful life. This recycle design could include new reprocessing 
facilities, or the product could be designed to make use of existing facilities. In either case, 
product recycle is an integral part of the design.
Process intensification. There are a series of technologies that enable equipment sizes to be 
radically reduced. These include spinning disc reactors. High g distillation, and high specific 
surface heat exchange. Such technologies enable plant sizes to be correspondingly reduced. 
The very low inventories have environmental benefits and there are also claimed cost 
benefits. An incidental benefit is that the processes may be economic at a smaller scale. (See 
next question).
Economic small-scale processes. The chemical industry is well aware of economies of scale. 
The rationale for such economies is that as you double the linear dimension of the plant, you 
quadruple the surface area and multiply the throughput (vessel volumes, pipe flows) by eight. 
The capital cost is roughly proportional to the surface area. Thus, doubling the linear 
dimension roughly halves the capital cost per unit throughput. There are further benefits in 
that heat losses and material leakages are roughly proportional to surface area. Thus the 
energy and material efficiency also improves with equipment size. Better energy and material 
efficiencies provide environmental benefits. The inverse of this finding is that the processes 
become more expensive and less efficient when built on a small scale. Large-scale plants do, 
however, have the disadvantage that raw materials and products may need to be transported 
over large distances, with corresponding costs and environmental disadvantages. Research is 
being undertaken on processes that may be economic at smaller scales.
Bulk chemicals from renewables. Vegetable raw materials are already employed for products 
at the scale of many thousands of tonnes per annum. Greater use of renewables may be 
possible.
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Novel chemicals. The objective is to develop new replacement chemicals with lower 
environmental impact in their production or use. The approach employs human ingenuity 
rather than computer methods as with CAMD.
Fuel cells. Fuel cells offer the prospect of more efficient conversion of chemical energy to 
electrical (and hence mechanical) energy. The comparison is with traditional heat engines. 
Recent developments (for example, better understanding of the physico-chemical processes 
which allow computer modelling and optimization) hold the prospect of wider application. 
Solar cells. Solar cells provide the prospect of inexhaustible energy without depleting mineral 
resources, or generating pollution. Currently efficiencies are extremely low, so that 
manufacture and installation is costly and has a significant environmental impact.
Wind power. The wind provides a further source of renewable energy. It appears that, with 
increasing scale, it is becoming more economic.
Development of highlv selective catalysts. Such catalysts make better use of raw materials 
and produce less by-products and waste. In principle they improve both profitability and 
environmental performance.
Greater use of production-scale chromatogranhv. The technology can be used at near ambient 
conditions and is energy-efficient. However, there is still a cost in removing the desired 
product from the carrier.
Carbon-dioxide capture and reinjection research. The idea is that, if methane has been safely 
stored underground for geological times, the same geological reservoir can be used to store 
carbon dioxide. In this way, we can continue to use natural gas (and other mineral fuels) with 
no net effect on the environment until they are all depleted. Indeed, Carbon Dioxide is a less 
effective global warmer than methane, so we may actually be benefitting the environment. 
Supercritical separators, and reactors. Greater use of super-critical conditions. Solvents 
become more effective under these conditions (for example super-critical carbon dioxide), 
and obviate the necessity to use aggressive materials. There may also be energy benefits 
because latent heat effects are minimized.
Greater use of microbiological processes. Many such processes are highly selective, thus 
avoiding by-products. They also take place under near-ambient conditions. The 
disadvantages are that the desired product may only be present as a fraction of a percent. 
Then large quantities of contaminated and slightly warm water have to be dealt with. Waste 
treatment and energy recovery for this nutrient solution is difficult. The environmental 
benefits are thus very case specific.
In the table, you are asked your opinion on the value of each of these technologies. You 
are asked whether each technology is needed at all, whether the technologies are already 
adequate for the job, whether they are sufficiently accessible, and whether further work 
is needed to make them practically useful.
Sources and dissemination.
There are plans to establish an environmental web portal to support sustainable design and 
operation in the chemical process industries. You are asked whether you believe that an 
additional tool of this type would be valuable. It is emphasized that a portal accesses 
information that already exists on the WWW. It accesses and assembles the information in a 
more focused way than a general search engine and provides tools for assembling information 
from a variety of sources. For a subscription, it would access additional sources not available 
to the general public. The web tools discussed under “tools” would put information onto the 
web, which could be accessed by anybody, including access via the proposed portal. You are 
first asked whether such an additional source of information would be of value. If so, what 
information should be accessed through it.
The topics on which we would like your views.
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1) Will the following metrics result in significant improvements in chemical industry 
sustain abilltv?
Metric Tick 
if yes
Tick 
if no
Will cause following reduction in pollution over 10 yrs
0-5% 5 -  10% 10-20% 20 -  50% >50%
Dow-Jones Sust Indices
FTSE4Good
Global Reporting Initve
IChemE Sust. Metrics
Total of all above
2) Will the goal of profitability alone stimulate reduced pollution?
Tick 
if yes
Tick 
if no
Will cause following reduction in pollution over 10 yrs
0 -5 % 5 -1 0 % 10 - 2 0 % 2 0-50% >50%
3) Will IPPC, and similar, regulations alone result in significant pollution reductions?
Tick 
if yes
Tick 
if no
Will cause following reduction in pollution over 10 yrs
0 -5 % 5 -  10% 1 0 - 2 0 % 20 -  50% 50 -70% >70%
4) Would switching taxation from people and products to pollution result in pollution 
reduction?
Tick Tick Would cause following reduction in pollution over 10 yrs
if yes if no 0 -5 % 5 -1 0 % 1 0 - 2 0 % 20 -  50% 50 -70% >70%
5) Is management concern for the environment alone sufficient to drive sustainability?
Tick 
if  yes
Tick 
if no
Over 10 years, what reduction in pollution wil the concern cause?
0 -5 % 5 -1 0 % 1 0 - 2 0 % 20 -  50% 50 -70% >70%
6 ) Will Shareholder pressure alone improve human rights and reduce pollution?
Better Human Rights Lower Pollution. What reduction in pol ution over next 10 years?
Yes No Yes No 0 -5 % 5 -1 0 % 10 - 2 0 % 20 -  50% >50%
146
7) Will pressure from employees alone result in reduced Doliiition?
Good workplace less pay? Lower Pollution. What rec uction in pollution over next 10 years?
Yes No Yes No 0 -5 % 5 -  10% 1 0 - 2 0 % 20 -  50% >50%
8 ) Will customer pressure alone significantly stimulate low-pollutioii products and 
processes?
Customers will pay more? Lower Pollution. What rec uction in pollution over next 10 years?
Yes No Yes No 0 -5 % 5 -  10% 10 - 2 0 % 20 -  50% >50%
9) Will image alone significantly stimulate lovY-poilution products and processes?
Tick 
if yes
Tick 
if no
What reduction in pollution will public image cause over 10 yrs
0 -5 % 5 -1 0 % 1 0 - 2 0 % 20 -  50% 50 -70% >70%
10) Will long-term sustainability stimulate low-pollution processes and products?
Tick 
if yes
Tick 
if no
What reduction in pollution will public image cause over 10 yrs
0 -5 % 5 -  10% 1 0 - 2 0 % 20 -  50% 50 -70% >70%
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11) Will release permits alone make a general contribution to Dolhition reduction?
Tick 
if yes
Tick 
if no
What reduction in pollution will release permits stimulate over 10 yrs
0 -5 % 5 -1 0 % 1 0 - 2 0 % 20 -  50% 50 -70% >70%
12) What tools will be of value in designing and operating a sustainable chemical 
industrv
Tools and methods Not
needed
Already
adequately
known
More
information
needed
More
R & D
needed
Stakeholder dialogue
Environmental Management Svstems (EMS)
Environmental Critical Assessment and Waste 
Minimization Methodologv
Eco-check
Industrial ecology and svmbiosis
Process simulation
Process optimization
Process svnthesis
Process integration
Computer-Aided Molecule Design (CAMD)
Integrated Product and Process Design
Lifetime process optimization
Eco-efficiencv
Supply chain simulation
Supply chain optimization
Databases
Web tools supporting collaborative working
Web access to environmental and design data
Web tools to access computational methods
13) Are new technologies needed?
YES NO
If you answer “no” to this question, you can skip question (14).
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14) Would additional work or information on the following technologies benefit 
sustainability?
Technologies Not
needed
Already
adequately
known
More
information
needed
Needs more 
R & D
Design for product recvcle
Process intensification
Economic small-scale processes
Bulk chemicals from renewables
Novel chemicals
Fuel cells
Solar cells
Wind power
Development of highlv-selective catalysts
Production-scale chromatography
Carbon-dioxide capture and reiniection
Supercritical separators, and reactors
Greater use of microbiological processes
15) Would a new web portal dedicated to sustainability in the chemical process 
industries be of value?
YES NO
16) If  a new portal were provided, what information should it hold?
YES NO
Metrics
Incentives
Tools/methods
Technologies
News
Publications
Other
17) Do you feel we should establish an international network of workers in the area to 
promote exchange of best practice?
YES NO
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Appendix 2. 2"^  round Delphi study
SUPREME
Sustainable Production and Growth for the Chemical Process 
Industries
A Delphi Consultation: Round 2.
Purpose.
This consultation is designed to elicit the views of a representative cross section of people 
working in industry, academia and other professional areas concerned with the chemical 
process industries. The objective is to provide the European Union with advice on the most 
effective ways of promoting sustainable growth in these industries. This consultation gives 
feedback on the results of the first round of consultation. For responses requiring a yes/no 
answer, we give the proportions supporting each position. For answers in which a spread of 
opinion was sought, we give the average and a measure of spread (the standard deviation). 
Where there were outlying opinions (for example, very few supported a position, or very few 
gave such an extreme prediction), we have asked for supporting arguments. For each topic on 
which there were outlying positions, we give the supporting and opposing arguments. It 
should be emphasized that an “extreme” position may not differ drastically from the mean; we 
just support or oppose whatever position is furthest from the mean, or has very little support. 
We also provide arguments and counter-arguments for positions supported by a small 
minority of participants. In a number of cases, you will find the argument for the “extreme” 
position persuasive and may decide to revise you opinion. Alternatively, you may find the 
information on the general views of other members of the panel persuasive in changing your 
view. In other cases, you may decide that your original view holds. Note that when several 
respondents provided arguments for a position, we have merged similar arguments and 
include all the dissimilar arguments. Thus, you may find quite different arguments supporting 
the same position.
The objective of this second round consultation is to give panel members an opportunity to 
revise their views. It is common experience that, with the anonymity of the Delphi process, 
panellists find it easier to revise their opinions than they do in a face-to-face discussion. In 
this way, we converge more rapidly on a consensus, or agree that views are spread.
It should be emphasized that you are free to change your view, even if you were one of those 
who presented an argument supporting one extreme view or another.
Some respondents have commented on the strange position that “extreme” views may fall 
within a Standard Deviation of the mean. The reason for this statistical quirk is that Standard 
Deviation can only be used for quantitative probability predictions when the statistics follow a 
Normal (or Gaussian) distribution. Views on the topics presented are not Normally 
distributed (there is a sharper cut-off) so that Standard Deviation can only be used as a 
qualitative guide to the extent to which there is consensus.
We are aiming to receive all responses by 22"  ^ July, so that we can issue the final round 
consultation by the end of July. We will allow until the 25* August for final round responses. 
The longer period will be allowed in recognition that the holiday season will be upon us.
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In the light of helpful responses received from the first round consultation, we have reworded 
some of the questions in order to reduce ambiguities. We have also deleted options for whieh 
there was complete agreement, and added a few additional queries in response to suggestions 
received.
We emphasize again that the questions relating to possible reductions in pollution are 
hypothetical. We seek to get your view on how effective each incentive would be if applied 
on its own. There are a limited number of questions on social factors. These factors are an 
important part of Sustainability, but are not our own area of expertise, and we have not 
deliberately invited panellists with expertise in the area. These questions have now been 
separated from the economic and environmental questions. We have replaced the description 
of each topic given in the first consultation with the relevant FOR and AGAINST arguments. 
We appreciate that, if an incentive were applied only in Europe, the effect might be to send 
polluting industries abroad and expand non-polluting industries in Europe. However, we 
want “export of pollution” to be ignored in your responses; assume that the EU takes the 
necessary measures to avoid such actions. (We are not claiming that the assumption is 
necessarily realistic. However, any other assumption makes the questions almost impossible 
to answer).
If you want to go straight to the questions and skip the arguments, please follow the hyperlink 
here. Each question has a hyperlink back to the arguments.
Sustainability.
A sustainable industry is one that is capable of operating indefinitely and providing a good 
standard of living in a healthy environment. Sustainability has three interlinked strands:
Economic. The industry should earn sufficient profit to pay its costs (materials, personnel 
etc) and make a return sufficient to replace obsolescent processes and products with new 
processes and products.
Environmental. Industry should only discharge to the environment quantities and types of 
materials that can be absorbed indefinitely without ill effect. Industry should use only 
quantities and types raw materials that can be renewed indefinitely by natural processes.
Social. Industry should provide a safe and rewarding environment for its workers. Industry 
should not pose hazards to people not working in its employ, and should provide products and 
services that enrich their lives (directly or indirectly).
In this consultation, we are addressing primarily people with technical responsibilities and we 
do not have the expertise to make a major contribution to the debate on the social role of 
industry. Therefore, we concentrate primarily on the economic and environmental aspects of 
sustainability. We have not separately addressed energy efficiency. When we ask you to 
consider pollution, we ask that you also consider pollution from producing energy used by 
processes and products.
Incentives to Sustainability.
We ask for the effect of a single measure. We appreciate that, in practice, there will be a 
combination of measures and the effects of the measures will not be simply additive. 
However, we want your judgement of the effectiveness of individual measures.
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Siistainabiiitv Metrics
Ql) Dow Jones and FTSE4Good.
Argument for an effect greater than 5%: Just reporting figures openly gives an 
incentive to improve.
Arguments for no discernible effect: Major ethical investors have research teams that assess 
investment portfolios. The indices are used only for small “ethical” funds and by some small 
private investors. They have negligible effect on share prices, and thus negligible influence 
on company behaviour. Large companies with a good sustainability record get themselves 
listed, but they do not change their behaviour in order to be listed. Thus, the metric will have 
negligible effect on pollution levels (and little on other aspects of sustainability). Companies 
report these metrics to register their good performance but these indices do not directly 
influence decisions on sustainable development performance. The indices report only top 
companies with already a very good performance. FTSE4Good has a somewhat broader 
appeal, but its limitation is that it is little known beyond the UK. Few international chemical 
companies seem interested in a FTSE4Good listing.
Ql) Global Reporting Initiative (GRI).
Argument for an effect greater than 10%: The driver is public scrutiny and the need to 
demonstrate continuous improvement; this driver is as strong as legislation.
Arguments for no discernible effect: The idea behind GRI is that sustainability accounting 
should be as standardized as financial accounting. Objective comparisons are then possible. 
However, GRI documentation is indicative of the approach. Only 30 to 50% of each page 
contains printed material. The document is repetitive. Thus, it cuts down 2 to 5 times as 
many trees as needed to make its point. Measures of dubious value (for example, ratio of top 
decile to bottom decile earnings) are easily distorted. Current experience shows that audited 
financial reports can be grossly misleading. The chances that the unaudited disparate 
information required by GRI will be accurately reported are zero. Such effects as it may have 
on sustainability are more likely to be in social, rather, than environmental performance.
The basic assumption is wrong. Thus, reporting does not lead to increased pressure to 
improve and ultimately to actual improvements. Whether improvements are made does not 
depend on reporting. It depends on many other factors like market change, possible synergies, 
technological feasibility, economic maturity, acceptance, long term strategy and so on.
Ql) IChemE Sustainability Metrics.
Argument for a small but discernible effect: The IChemE metrics are the simplest and 
easiest to apply. Thus, they are more likely to be used by smaller companies that would not 
have the resources to support the more grandiose metrics. They are also taken into account by 
some large investors.
Argument for no discernible effect: The IChemE metrics are, in many ways, a simpler 
subset of GRI. They provide a useful checklist for companies (including smaller companies) 
trying to improve their sustainability performance. However, they are at best a tool and not a 
driver for sustainability. As for GRI, the basic assumption is wrong. Thus, reporting does not 
lead to increased pressure to improve and ultimately to actual improvements. Whether 
improvements are made does not depend on reporting. It depends on many other factors like 
market change, possible synergies, technological feasibility, economic maturity, acceptance, 
long term strategy and so on. Furthermore, it is felt that IChemE metrics do not have 
sufficient strength (prestige) for use as a standard benchmark for industry worldwide.
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2) Profitability
Argument for an effect greater than 50%. While academia may push forward the frontiers 
of science, Governments introduce supportive legislation, and NGO’s lobby for greater 
environmental awareness, it is industry that introduces change in society. In adopting new 
manufacturing processes with lower environmental impact, or developing new products in a 
more sustainable way, industry responds to three key drivers, cost (to improve margins), 
innovation (to gain market share) and regulation. The first two are inevitably linked to 
profitability and the third cannot be implemented unless the organisation remains in business, 
i.e. remains profitable.
The requirement that businesses remain profitable stimulates reduced pollution prevention to 
some extent. Specific profitability drivers for a clean environment may be as follows. 
(However, see counter argument below that profitability merely delivers performance targets 
set by other drivers).
Sustainability can be seen as a business opportunity: Companies make business with more 
sustainable products: e.g. environmentally friendly washing powders, newspapers and writing 
blocks printed on recycled paper, toys made of recycled plastics. Many products also carry 
environmental labels.
Lack of sustainability can also kill profit. For example, firms committed to the Responsible 
Care Programme require raw material suppliers to act in a responsible way. This covers about 
80-90% of chemical use in some countries. Many raw materials carry data on their LCA, 
which is further used for calculating LC information for the products. Bad LC history may 
lead to change of supplier, and hence profit loss to the original supplier.
In the long term, polluting industries cannot be profitable in the EU. If pollution regulations 
are not met, the company is faced with fines or with capacity reductions. Furthermore, loss of 
reputation may result in pressure from Society that closes a factory, with total loss of profits.
Argument for no discernible effect: Sustainability has three aspects, economy, ecology and 
society. There is no logical reason why satisfying one aspect automatically satisfies the 
others. No major environmental or social change has ever been driven by profitability alone 
(for example, air pollution, water pollution or child labour in the mines). The requirement of 
profitability does deliver efficient ways of achieving environmental goals. Sometimes these 
are delivered at little cost, occasionally at negative cost. Profitability remains central to 
sustainability (without it organizations cease to exist). However, it does not stimulate reduced 
pollution, it only delivers society’s goals economically. (The counter-argument above is that 
Sustainability is such an integral part of society’s goals that profitability drives companies to 
behave in a sustainable manner).
3) Legislation and Regulations
Argument for an effect greater than 20%: The effect could be quite large in the EU since 
the IPPC directive sets environmental standards which companies have to reach. All new 
installations (and permit renewals) have to meet standards specified in relevant IPPC 
directives. The question is of course how strict the limits are, how large is the interval 
mentioned, and how much the authorities allow exceptions. Eventually IPPC will result in 
uniformly good practices being applied with resultant decreased emissions. EU practices are 
likely to set a model for application in other major trading countries throughout the world.
Argument for no discernible effect: There are no major sticks ensuring any sort of 
enforcement related to IPPC. The “Best Available Technique” is generally easily available (so 
that it does not risk closing many processes), and enforcement is subject to long consultation 
and negotiation. It is doubtful whether IPPC will result in any reduction that would not have 
been achieved in any case. In fact, the vast bureaucratic effort required for IPPC may divert 
resources from more effective tools.
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4) Switch taxes from people and products to pollution.
Argument for an effect greater than 20%: Switching taxes from people and products to 
pollution will stimulate large reductions in pollution levels. The bottom line is that owners 
look at the “bottom line”, namely the net profit and loss. It does not matter what other aspects 
of sustainability appear in the annual accounts, it is the profit and loss that matter. Switching 
taxes immediately moves pollution control into the “bottom line”. If you have a low- 
polluting process and product, your profits go up. If your process is polluting, your profits go 
down. You do not need regulators forcing you to act; everyone in the company sees rewards 
in low pollution. It becomes in the companies’ self-interest to invest in methods, technologies 
and research to reduce pollution. The “bottom-line” profit now combines two important 
measures of sustainable performance, namely economic and environmental. New ideas will 
emerge (as they did during the oil-price increase of the 1970’s), and a 50% reduction in 
pollution levels is certainly possible.
Several participants pointed out the potential problems with international competitiveness. 
Such a shift in taxes would shift the balance of industry. If applied only in the EU, the effect 
could be to export polluting processes. However, the question deliberately excluded these 
effects. The first task is to identify effective incentives. When these are identified, the 
practicalities can be explored. This taxation measure was the only one in which there was 
unanimous agreement that the effect would be substantial.
Argument for an effect less than 20%: the eco-taxes that are in place have not had very 
substantial or impressive results. This may have to do with the low tax rate (to avoid negative 
effects for international competitiveness etc.). However, it does not augur well for the 
approach.
5) Environmental Conscience
Argument for no discernible effect: Managers who are not owners have little scope for 
making major social changes. Historically, a few owner-managers have instigated changes 
within their own companies. However, their overall effect has been negligible (except for 
indicating what might be possible). Managers now have less scope than ever for following 
personal societal goals in their companies.
Unfortunately, it is not true that sustainability and ethical conduct always pays. In many cases 
it just costs money and nobody can calculate the long-term economic value. Management 
may get no reward for pursuing low-pollution. Sustainability goals. Hence, they have no 
incentive to do so unless there are other strong drivers.
Argument for an effect greater than 10%. Management attitudes are a key enabler when 
reinforced by other external drivers. Whatever other drivers may be in place, management 
that believes in the long-term value of sustainability is required.
6) Shareholder concern
Argument for no discernible effect: The majority of shares are held indirectly. For 
example, people invest in insurance and pensions. These investments are handled by large 
financial institutions that hold portfolio investments. Individuals who invest in a pension or 
insurance have little effect on the behaviour of the company holding their money. In turn, 
financial institution traders have responsibility to these investors rather than to long-term 
sustainability. They will turn over the whole portfolio several times in the 20-40 years an 
individual person holds a pension fund. Thus, the long-term sustainable performance of the 
companies in which they invest is irrelevant to the long-term health of their funds.
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Consequently, providing companies avoid major prosecutions, shareholders put almost no 
pressure on companies to improve their environmental performance.
Argument for an effect greater than 10%: Companies take shareholder input very 
seriously. Recent shareholder concern with management pay (including AGM resolutions) is 
indicative of the more pro-active role that shareholders are likely to take. It is inevitable that 
concerns with pollution will be aired at the worst performing companies, and directors that do 
not respond will lose their positions.
7). Employee Concerns
Argument for no discernible effect: Employees will not risk their incomes by pressuring 
employers to reduce pollution levels below statutory requirements.
Argument for an effect greater than 10%: The effect is difficult to quantify, but could be 
larger than 10%. Certainly, employee pressure can lead to a significant improvement 
because;
They have high motivation; they are most exposed to pollution.
They are prepared to implement the measures necessary to improve efficiency and reduce 
pollution.
They have an insider view on the measures taken and can critically evaluate their efficiency.
8). Customer Concerns
Argument for no discernible effect: Customers rarely see the environmental consequences 
of their purchases. They are not aware whether or not there is a large energy input into their 
purchases. Very often, they are not aware of the cumulative effect of their purchases, for 
example the effect of phosphorus in detergents. There is no record of customer pressure ever 
having had an effect on pollution. (Customer pressure, in conjunction with other pressure 
groups, probably has had an effect in other areas of sustainability. For example, companies 
have been under pressure to eliminate clothes manufacture in third-world “sweat shops”).
It is recognized that customer pressure can be very effective in achieving changes within a 
company. However, the company response is likely to be in marginal areas designed to 
improve company image, rather than in fundamental changes that reduce pollution. This 
short-term response is more likely to placate an emotional demand than the long-term changes 
necessary to reduce pollution substantially.
Argument for an effect greater than 10%: The chemical industry predominately makes raw 
materials for other companies. Within the next 10 years, the Responsible Care Programme 
will be more effective in requiring LCA data on products. If the price is the same, the 
customer will probably always prefer the less polluting product.
Customer preference is one of the strongest forces acting on a company, if meaningful 
product information were available in a competitive context, the effect would be greater. 
There has been little effect to date. However, within the next ten years, customers will be in a 
better position to make informed judgements; the impact could be profound.
Companies produce what they can sell. There is evidence that at least some customers are 
willing to pay more for Sustainable products manufactured in Sustainable facilities. 
Manufacturers will respond to this behaviour. As an example of the efficiency of the 
pressure, consider the rapid change from PVC to PET bottles. The drivers are customers in 
developed and developing countries. Companies do not want to wait for a scandal that will 
devastate their sales. All large companies now want to be seen to be behaving in a
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responsible way. The effect on pollution is not yet marked. However, the effect on the social 
aspects of Sustainability is already apparent. For example, it is now difficult to sell anything 
produced in an unethical way (for example using child labour) in Nordic European countries.
9). Public Image
Argument for no discernible effect: The chemical and process industries are more remote 
from customers than most other industries. (For example, over 60% of their products are sold 
to other chemical/process companies). People do not ask what company made the fibre in 
their clothes or the plastic in their cars. They often do not even know the real manufacturer of 
their food. Thus, company image in areas like environmental impact is almost irrelevant to 
the financial well-being of a chemical company. It follows that company image places no 
pressure on company environmental performance.
Argument for an effect greater than 10%. Reputation management is being undertaken 
with increasing seriousness, professionalism and transparency. This could foster significant 
improvement.
Examples of chemical companies who have invested a lot of effort in fostering a responsible 
environmental image include Henkel, Cognis, DSM, and Dupont.
10). A long-term sustainable business
The difference between the two arguments below is strongly influenced by the perception of 
time-scale. The argument for “no discernible effect” says that mangers only respond to 
incentives such as IPPC, and there is no influence beyond the anticipated effect of such 
regulations. The argument for an effect believes that managers look beyond the 5 -  10 year 
timescale of regulations already in draft form.
Argument for no discernible effect: The long-term health of a company depends on its 
short-term profits. It must make a profit every year to survive. Sacrificing profit to provide 
environmental performance beyond anticipated regulations will not leave a company with a 
long-term future. Thus, long-term concerns, beyond the tenure of the current staff, can have 
no impact on stimulating lower pollution levels.
Argument for an effect greater than 10%: The majority of managers who actually make 
decisions that influence plant performance live near the plants that they work in. They do not 
want to suffer the adverse effects of pollution, nor do they want their families to suffer the 
effects. No one deliberately designs or operates a “dirty” plant. Where the cost penalty is not 
excessive, managers will always opt for the low-pollution alternative. Thus, concern for the 
environment by senior staff will always result in some lowering of pollution levels. It is 
realistic to expect the saving to approach 20% over 10 years or so. The following is a 
comment on the argument. “This effect in isolation may turn out weaker than (10%) but the 
sentiment is correct and the various drivers never exist in isolation. It is the synergistic effects 
of internal motivation and external drivers which propel significant environmental 
improvements.”
When building a new factory, it saves money to build a plant which will not require further 
investment to meet pollution goals over the next few years. Hence, in Europe, future 
environmental requirements are extrapolated in designing and building new plant. Thus, 
companies with a long-term environmental strategy are more likely to prosper in the long run. 
This philosophy results in steadily reducing levels of pollution. (The respondent doubts that 
this view is shared in the US, but his doubts are irrelevant to this consultation!).
11). Pollutant trading.
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Argument for no discernible effect: There would be no meaningful change in behaviour if 
permits were introduced without accompanying incentives or barriers. Like IPPC, permits are 
issued sufficient not to disrupt companies in the medium term. The Kyoto agreement is an 
example of the simplest possible permit system (carbon dioxide releases), but shows every 
indication that there will be no effect beyond that easily achievable by other means. For more 
complex pollutants, the chances of negotiating an effective permit system are negligible. 
Europe only supports the system as a “second best” way of achieving goals more effectively 
met by regulation and fiscal measures.
Argument for an effect greater than 20%: This is the only tool that has achieved any 
measure of widespread international support. It is already being widely piloted. If this 
measure fails, nothing will work.
Tools for more sustainable processes and products.
We consider only tools and methods that address the problems of profitability and improved 
environmental performance. There are equivalent sets of tools considering safety and other 
operability issues.
The tools/methods considered are:
A) Systems primarily employing human ingenuity.
Stakeholder dialogue.
This topic seemed non-controversial. The only disagreement was whether it was 
sufficiently well known, which is not a question that can be settled by argument!
12.2) Environmental Management Svstems (EMS).
Apart from a minor suggestion that more R&D might be needed (which has no 
supporting argument), the topic is again non-controversial.
12.3) Environmental Critical Assessment and Waste Minimization Methodologv.
Argument that more research is needed: Both methods have already seen successful 
practical application. The ICheniE Waste Minimization Guide (Crittenden and 
Kolaczkowski, 1992) is well established. The US material has been established longer 
(Waste Minimization Opportunity Assessment Manual, US EPA 1988 and Draft Guide for an 
Effective Pollution Prevention Program, US EPA 1991). However, the methods are 
expensive to apply (requiring expert multi-disciplinary teams) and the results depend 
critically on the talent available in the teams. Much of the assessment is repetitive and uses 
standard worksheets. There is scope for computer aids to record the workings in a consistent 
manner. Such a computer-aid would facilitate reworking previous assessments in the light of 
new information. The quality and consistency of studies could be improved by supplying 
these aids with “intelligent agents” that prompt team members on questions to address. (Such 
prompting does not replace human ingenuity, but ensures that known problems are 
consistently addressed). Tools facilitating remote working may also be of benefit; it is 
difficult to arrange diaries to get the requisite teams together for a week of consistent 
assessment. These are just some of the research topics that need to be addressed in order to 
build on best practice.
Argument that the methods are already adequately known: Both methods have already seen 
successful practical application. Do they need more research?
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12.4) Eco-check.
The “consensus” view is that more information is needed. There were minor suggestions 
that the method is not needed and that more R&D is needed. The arguments for these 
positions are presented.
Argument that more R&D is needed: The method is claimed to be suceessful, but is used in 
very few companies. More work is needed to make it generally accessible.
Argument against: The unique elements of Eco-check give no added value beyond the other 
tools and methods mentioned in the table.
12.5) Industrial ecologv and svmbiosis.
Argument that more research is needed: The areas currently being analysed are the chains 
of products and materials, the human influence on biochemical cycles, and issues related to 
production. Issues related to production include product and process design, environmental 
management systems, environmental supply chain management, and eco industrial parks. The 
topics being studied are technical science (knowledge on technical production, recycling and 
waste proeesses), social science (economy, social behaviour, and decision making processes), 
and environmental science (knowledge on environmental processes, ecology and behaviour 
and cycles of substanees). All these topics require to be understood more deeply, which 
requires more research. A motivating example of considerable success in the field of 
industrial symbiosis has been made in Denmark, in the eco-industrial park.
Industrial ecology and symbiosis are important, since they are the way of really elosing the 
processes (clean teehnology on techno system level). In addition, the symbiosis of industry 
and community are important in minimizing waste for both sources.
Argument that the topic is already adequately known: The potential of this theory is 
overrated because:
The possibilities for use of residues in other industries are limited and depend on spatial 
proximity (e.g. in eco-industrial parks etc). There are also serious disadvantages. Production 
facilities become linked so that supplies of unrelated products must be made in proportion. 
Where the demand for one declines and the other increases, production problems result. 
Either process “A” has to be kept in production to consume the by-product of process “B”, or 
production of process “B” has to be eurtailed. Thus, in practice, it is only applieable for 
manufacture that forms a very small part of the total production of each product.
It is too complex to design, operate and manage.
It has limited potential and does not deserve significant research.
It is thought of in terms of “by-product synergy” or “waste to product opportunities”. In that 
narrow sense, there is no huge scope for research, more for sharing information on significant 
waste streams across industry sectors. However, there is always room for research to find 
value-added outlets for industrial waste. It is doubtful if this research can be classified as 
“Industrial Ecology”.
B) Computer-based methods.
12.6) Process Simulation.
Argument for more research: Achievements made here could be eco-efflcient since they 
often support environmental improvement and pay off economically. Simulation tools need 
to be augmented to include life cycle aspects in the material balance and cost. Tools for 
assessing life cycle aspects in a process simulation are rare but will be needed in the future.
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A major problem is that commercial programs do not adapt quickly to new developments. 
This inflexibility is important because 90% of eompanies undertake all their simulation using 
commercial programs. More system level tools are needed, and more detailed phenomena 
based simulation tools are needed (research needed). Thus, another period of research is 
needed to advance simulation beyond its current state (which has been fairly static for 30 
years).
Argument against more R&D: Almost no chemical process is built these days without using 
one of the commercial or special-purpose simulation tools. It is almost 50 years since the first 
simulation system was developed. No other tool is so well known. What aspects of research 
are still needed?
12.7) Process Optimization.
Argument for more R&D: Practical multiple criteria optimization tools are not available or 
used yet. Such tools are essential in making the optimal balance between economic, 
environmental and social criteria for processes. They are thus at the heart of sustainable 
production. Achievements made here should be eco-efficient because they are eapable of 
both supporting environmental improvement and inereased profitability.
Argument that Process Optimization is already adequately known: Process optimization 
has been a known tool almost as long as process simulation. The eomputational tools for 
simultaneous simulation and optimization have been extensively tested. The general area 
needs no further research. The only area that still needs some attention is the unit models or 
equations that represent individual units. The models used in industrial simulators are rarely 
fast enough or robust enough to give reliable optimization. However, these developments are 
incremental advances in known technology rather than the subject of significant research.
Process optimization is a standard tool taught in university undergraduate courses; it hardly 
needs more research. It would be better to focus the limited resources on other topics in the 
list (such as process intensification).
12.8) Process Svnthesis.
Argument that the technology is already adequately known: We have not yet received any 
argument supporting this position.
Argument that more R&D is needed: Of the tools and methods considered. Process 
Synthesis reeeived the highest level of support. It is common experience that real-value 
optima are flat. Thus, there is a value from conventional optimization, but it is minor 
compared to the radical design improvements that can result from a proeess synthesis study. 
There are examples where effluents have been eliminated entirely, and major cost savings 
have resulted from eliminating equipment items. Commercial activity in Process Synthesis is 
in its infancy, and still needs to be backed by a vigorous R&D activity.
12.9) Process integration.
Argument for more R&D: Process Integration has delivered major economic and 
environmental benefits to industry (in reduced cost and reduced energy use). We are at the 
early stages in generalizing the technique for use beyond energy saving, and in integrating it 
with other complementary tools such as process synthesis.
Argument that the method is already sufficiently well known: Process Integration is a 
standard tool taught in every university undergraduate course. 90% of the benefit can be 
achieved with simple hand calculations and virtually every company has the expertise to
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apply the method. The future for Proeess Integration lies within the broader area of Process 
Synthesis.
12.10) Computer-Aided Molecule Design (CAMP).
Argument that more research is needed: There have been early successes in the application 
of CAMD. For example, highly effective, non-polluting solvents have been derived by 
CAMD and applied in Denmark. However, further research is needed on reliable ways to 
predict some of the important environmental impacts of molecules. Furthermore, better 
means are needed to solve the optimization problem of “inventing” molecules with the best 
combination of economic and environmental characteristics.
Argument that CAMD is already adequately known; We have not yet received an argument 
supporting this position.
12.11 ) Integrated Product and Process Design.
Argument that more R&D is needed: This technology is at its very early stages of 
development. As far as is known, there have been only very limited applications. The 
technology employed is not yet integrated. There is not yet a formal methodology similar to 
HAZOP (for safety), or Environmental Critical Assessment. Similarly, computer tools are 
still lacking; there is not yet an integrated CAMD/Process Synthesis Package. At the same 
time, the potential of the approaeh is considerable.
Argument that more information is needed: Before we invest substantial resources into 
R&D, we require more information on suecessful applications.
Argument that the method is already sufficiently well known: The concepts are well 
known. A lot of work on tools is underway but the problem is that this is a “technology push” 
topic. Thus, it is a “solution” looking for a problem. It needs some more market pull to 
convince that there is potential in the method.
12.12) Lifetime optimization.
Argument that more R&D is needed: One of the largest commercial chemical engineering 
software companies already produces tools to support this optimization. However, the 
software has been backed by very limited académie researeh, and there is no competitive tool 
against which results can be judged. More academic research and open publication is needed 
to establish the credibility of the tools supporting lifetime process optimization
Argument that it is already adequately known: The concepts are well known. A lot of 
work on tools is underway but the problem is that it is “technology push”, with little market 
pull. In many ways, it is comparable to eeo-efficieney; it is complex and needs a more 
standard approach before significant R&D is justified.
12.13) Eco-efficiencv.
Argument that more R&D is needed: Both the coneept and today’s technologies of eco- 
efficiency in the respective sectors are already known. There is also the belief that the already 
existing life cycle assessment oriented approaches to product design are developed at a point 
where no further development is needed for the moment. However there is still much to be 
learned and to be developed in this field. The tool could be incorporated into modem 
software. In addition, it could exploit web tools. It has the potential to play a significant role 
in the modem e-economy.
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It would be worth devoting some effort to establish uniform or at least (roughly) harmonised 
methods.
Argument that the method is already sufficiently well known: The eoncept and also 
today’s eco-efficient technologies are already well known. There is also a vast universe of life 
cycle assessment oriented approaches to product design, so there is not much use in 
developing another one.
12.14) SuDplv-chain simulation.
Argument that more R&D is needed: Rethinking supply chains from a broader systems 
perspective can lead to break-thoughts in efficiencies, and that could mean that simulation 
tools will help find optimal solutions. There are few tools for supply chain simulation which 
include life cycle aspects. Such tools will be needed in the future.
Argument that supply-chain simulation is already sufficiently well known: Simulation 
techniques for supply chains have now reached a point at which there is little further to be 
developed. Quite a few software tools are available in the market and they are widely used in 
industry. In the research world, even in academic institutions, the subjeet of supply chain 
simulation has been studied widely and the interest is now towards developing new 
optimization tools for the supply chain.
12.15) SuDplv-chain optimization.
Argument that more R&D is needed: The complexity of modem industry is associated with 
equally complex supply chains. It is not practicable to optimize a modem supply chain by trial 
and error using existing simulation tools. There are no routinely available commercial supply 
chain optimization tools. (Those that have been developed have a limited range of 
application). Really effective supply chain optimization tools would benefit Sustainability in 
all its aspects, improved profitability, less environmental impaet and better treatment of 
human resources. There may also be scope for greater use of the Intemet in dynamic 
optimization of supply chains. By their nature, supply chains have a wide geographieal 
spread and intermptions, or opportunities, in one area need responses in every other. Supply 
chain optimization thus needs inputs that are best provided in an intemet-integrated system.
There is a real scope here. Significant effort is justified.
Argument that supply chain optimization is already adequately known: There are many 
publications on supply chain optimization in recent years. It is an important area, but the main 
principles are well known and applications are now a quite practieal optimization task.
It is not obvious what more can be achieved by supply chain optimization. Supply chains are 
already economically optimized. What is the new potential for sustainability/environmental 
efficiency? Optimal use of existing transport methods is achieved, but it does not offer that 
much. Rather the means of transport should be technologieally optimized for better 
environmental performance. This is a quite different area of research.
12.16) Databases.
The consensus view was that more needs to be known of relevant databases. However, 
there were arguments for more R&D and that the tools are already sufficiently well 
known.
Argument for R&D in developing relevant databases: The methodology to create and use 
the tools is known. However, it is difficult to apply in practice largely because the 
information structures are not standardised and most of the information is not well structured.
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Argument the tools are sufficiently well known: Database Tools are standard technology 
taught in university undergraduate courses. Life cycle software such as databases is 
commercially available and needs no significant development. The research required is to 
obtain the data to put in the databases. (Another field altogether).
12.17) Web tools sunnorting collaborative working.
Argument that more R&D is needed: We do not yet have a supporting argument.
Argument that no work is needed: Relevant tools (such as BSC from GMD in Sankt 
Augustin) are already freely available, as are similar commercial tools that are already widely 
used.
12.18) Web access to environmental and design data.
Argument that more R&D is needed: We do not yet have a supporting argument.
Argument that R&D is not needed (already well known): The methodology to access (and 
to give access) to environmental design data is already known, but it is difficult to apply in 
practice because the information is not on the web.
The field of environmental data is very broad. Therefore it is not expected for all the needs to 
be covered. There are also doubts whether the information will be retrievable from the web.
12.19) Web tools to access computational methods.
Argument that more R&D is needed: The basic tools to make computations available over 
the web are known (in a sense, Java was invented for this purpose). However, none of the 
relevant computations (from process simulation to dispersal of pollutants in the atmosphere) 
are available over the web. These can only be accessed by paying a lease fee for a 
commercial program available on disc, or downloaded from the web. It would be desirable 
(especially for smaller companies) to be able to run the computations remotely and pay for 
just what they need when they need it. Some R&D is needed to demonstrate that such 
methods could be made available through a conventional web site.
Argument that web access to computational tools is not needed: The methodology to 
create and use tools is already known, but it is difficult to apply in practice because the 
information is not on the web. Perhaps the tools are not as well known as is generally 
thought, but it is still not certain whether the web could add any value there.
Technolosv
It is appreciated that this is a fairly random collection of technologies. However, these were 
the technologies that were mentioned in the preliminary discussions undertaken to design the 
consultation. Following the first round, we give the opportunity to write in suggestions for 
additional technologies.
Design for recycle.
Argument for more R and D. R&D is needed in order to better know how to improve the 
profitability of recyclable products. Research is needed to establish how the additional costs 
(the cost of the design and the cost of the new more recyclable products) are to be levied. The 
simple approaches covering the costs (taxes) of disposal (without recycling) do not reflect the 
principles of Sustainability.
Argument that R&D is not needed: The way to design for improved product recycling 
potential is well known. The problem is making an economic case, which has to be done on a 
case-by-case basis. This is not really a fruitful area for generic research.
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Process in ten si fi cation.
There was consensus that more R&D is needed, and significant support that the 
technology should be better known. No arguments are given.
Economic small-scale processes.
Again, fairly general consensus, with no arguments presented.
Bulk chemicals from renewables.
Argument that more R&D is needed: Currently, only a trivial proportion of chemical 
production comes from renewable resources. Thus, the chemical industry can make no claim 
to be sustainable. Any significant change will require a long-term commitment. The R&D 
needs to start now if we are to be ready in 10, or even 20, years’ time.
Argument that the technology is not needed: There are no obvious drivers for chemicals to 
be made from renewables when only 8% of total world hydrocarbon production goes to 
chemicals manufacture. There are bigger problems to solve. Substituting renewables for oil 
in chemical production would make a trivial impact on Sustainability.
Novel chemicals.
Most people felt that either the area was already well known, or that more information 
is needed. This difference is not resolvable by argument. Arguments were sought for 
the minor support for the other options.
Argument that new novel chemicals are not needed: No argument yet reeeived.
Argument that more R&D is needed: No argument yet received.
Fuel cells.
The bulk of the panel felt that more R&D is needed. We have not sought an argument 
to support this position. The arguments for the contrary positions are given 
Argument that more information is needed: More information is needed on what is the 
potential for fuel cells in terms of reducing resource use, possibly reducing C02 and when. 
Argument that fuel cells are already adequately known: Fuel cells have low impaet on the 
sustainability of the chemical industry, and are hence not relevant to this study.
Argument that fuel cells are already adequately known. Fuel cells have been known for 
50 years. They are being adequately researched for transport use. In the unlikely event of a 
breakthrough, they may be useable in the chemical industry. However, they are not a priority 
area.
Solar cells.
Argument for more R&D: More work is needed to improve the economic competitiveness 
of solar cells and the availability of solar energy with the required quality at the places where 
it is needed.
Argument that solar cells are not needed: Low impact on the sustainability of chemical 
industry.
Wind power.
Argument that more R&D needed: None received yet.
Argument wind power is not needed: Wind power has a low impact on the sustainability of 
the chemical industry. Furthermore, performance and costs of commercial units are well 
known.
Development of hi shiv selective catalvsts.
There was almost universal support for more R&D on catalysts.
Greater use of production-scale chromatographv.
No arguments received yet.
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Carbon-dioxide capture and remiection research.
Argument for more R&D: More information is needed on the cost and efficiency of this 
kind of measure.
Argument that the technology is not needed: This technology has a low impact on the 
chemical industry. The large uncertainties may only be resolved on a geological timescale, 
and are not amenable to conventional research. As well as major uncertainties in its 
efficiency, there is a major cost barrier, and the probability of suceessful application is small.
Supercritical separators, and reactors.
There was a high level of consensus that either more R&D, or more information, or both is 
needed.
Greater use of microbiological processes.
Argument that more R&D is needed: Biological processes are presenting the chemical 
(and, more specifically, the pharmaceutical) industry with a range of new high-performance 
products. The further potential justifies more R&D.
Argument that the technology is already sufficiently well known: It should be pointed out 
that biotech processes are rarely clean or environmentally friendly. Usually it is quite the 
opposite. Most biotech processes utilise raw materials in a very inefficient way and 
consequently produce very much pollution such as BOD. (The wastes are, of course, 
biodegradable and possible to purify. However, the purification processes themselves have 
costs and environmental impacts). Thus, biotech is not an answer to these environmental 
problems. Certainly more research is needed on these processes but not because of their 
potential to improve the pollution performance or sustainability of the chemical industry. 
Biotech is no cleaner than any other technology.
Sources and dissemination.
015) Arguments for: New web portal: A carefully designed and fully informed web portal 
is probably the solution that will provide both the professional and the academic user with the 
desired information and the proper links. However, there is a weakness in the designing of 
such a long-term objective. The portal is something that should be strongly supported and 
even promoted by big industrial units so that it can maintain its status and its ability to update 
the information according to the latest trends.
Arguments against developing a new web portal: There are already numerous ways of 
accessing information on the WWW. The problem is not the access to the information, but 
that the information either does not exist at all, or is not available over the WWW. The high- 
level effort required to develop yet another web access tool would be better devoted to 
activities directly supporting Sustainability. For example, published data sources need to be 
searched to make them available on the web and new information is required from research 
into the underlying Sustainability science and technology.
016) Arguments against information on the proposed web portal: We are still talking 
about metrics, and about tools. There are no harmonised, generally aecepted methods. 
Without these methods, this part of the portal ean serve no useful purpose.
017) Arguments for a new international network: A new network is desirable as an 
evolution of the existing groups. (An entirely new one is not needed).
Arguments against a new international network of workers: There are already several 
networks of people who work together. These groups have facilities to organize meetings and 
publish results (for example, through SUSTECH or EFCE). A new group cannot produce 
significant results unless the group occupies a focused niche not covered by the other groups.
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The decision may be made based on the administrative effort needed to sustain a group in the 
longer time frame. Initially, it appears that the most efficient way forward is to enhance links 
between existing groups.
The topics on which we would like your views.
Note: for your information, we include the first round statistics (Mean and Standard 
Deviation). There are hyperlinks back to the relevant arguments relating to each topic.
1) Can the following metrics (applied on their own) result in a significant improvement 
in environmental performance?
Metrics Yes No Mean Standard
Deviation
Over 10 yrs, could result in pollution reduced 
by:
0-5% 5-10% 10-20% 20-50% >50%
Dow/Jones 1.5% 2.5%
FTSE4Good 1% 2.5%
GRI 2.5% 5.5%
IChemE 0.5% 1.5%
Total o f all 4.5% 5.5%
2) Could the goal of nrofitabilitv on its own stimulate reduced pollution?
Mean Standard
deviation
Tick 
if yes
Tick 
if no
Could cause following reduction in pollution over 10 yrs
0-5% 5-10% 10-20% 20 -  50% >50%
9.5% 20%
3) Could IPPC, and similar regulations, annlied on their own result in significant 
reduction in nollution?
Mean Standard
deviation Yes No
Could cause following reduction in pollution over 10 yrs
0 -5 % 5 -  10% 10-20% 2 0 -5 0 % 50 -70% >70%
9.5% 10%
4) If it were the onlv tool employed, what reduction in pollution would be achieved by 
switching taxation from people and products to nollution?
Mean Standard
deviation
Could cause following reduction in pollution over 10 yrs
0-5% 5-10% 10-20% 20 -  50% 50 -70% >70%
21.5% 13%
©  Chrysoula Tsoka 2005 165
5) Is management concern for the environment alone sufficient to drive sustainability?
Mean Standard
deviation
Yes No Could cause following reduction in pollution over 10 yrs
0 -5 % 5 -  10% 10-20% 20 -  50% 50 -70% >70%
4% 6%
6) Could Shareholder pressure, as the only incentive, stimulate reduced pollution?
Mean Standard
deviation
Lower
Pollution.
What reduction in pollution over next 10 years?
Yes No 0-5% 5-10% 10-20% 20 -  50% >50%
4% 6%
7) Could pressure from employees alone stimulate reduced pollution?
Mean Standard
deviation
Lower
Pollution.
What reduction in pollution over next 10 years?
Yes No 0 -5 % 5 -  10% 10-20% 20 -  50% >50%
3% 5%
8) Could customer pressure, applied alone, be sufficient to stimulate low-pollutioii 
products and processes?
Mean Standard
deviation
Lower
Pollution.
What reduction in pollution over next 10 years?
Yes No 0-5% 5-10% 10 -20% 20 -  50% >50%
6% 6%
9) Can public image alone significantly stimulate manufacturers to produce low- 
polluting products by low-polluting processes?
Mean Standard
deviation
Yes No Could cause following reduction in pollution over 10 yrs
0 -5 % 5 -1 0 % 10-20% 20 -5 0 % 50 -70% >70%
5% 6%
10) Can the goal of long-term su stain ability stimulate companies to employ low- 
polluting processes to make low-polluting products?
Mean Standard ’ 
deviation
Yes No What reduction in pollution could public image cause over 10 yrs
0 -5 % 5 -  10% 10-20% 20 -  50% 50 -70% >70%
6.5% 6.5%
11) Can release permits, as the only took cause a significant reduction in pollution?
Mean Standard
deviation Yes No
What reduction in pollution could release permits cause over 10 yrs
0 -5 % 5 -1 0 % 10-20% 20 -  50% 50 -70% >70%
14% 14.5%
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Social performance questions;
la) Can the following metrics result in improved social performance? (Improved 
human rights, improved safety etc).
Metrics Yes No Yes No
Dow/Jones 42 54
FTSE4Good 25 58
GRI 17 42
IchemE 18 45
Total of all 42 42
6a) Could shareholder pressure, as the only incentive, stimulate improved social 
performance? (Improved human rights, improved safety etc).
YES NO
7a) Are employees prepared to accept less pay to work for an organization with a superior 
social and environmental record?
YES NO
8a) Are customers prepared to pay more for low-polluting products made by low-polluting 
processes?
YES NO
8b) Are customers prepared to pay more for products made in humane facilities respecting 
human rights?
YES NO
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12) What tools will be of value in designing and operatms a sustainable chemical industi'v 
NOTE: We put the first-round percentage answering each column for your information.
Tools and methods Not
needed
Already
adequately
known
More
information
needed
More
R & D
needed
Stakeholder dialogue 0 45 55 0
Environmental Management 
Svstems lEMS)
0 45 45 9
Environmental Critical Assessment 
and Waste Minimization 
Methodologv
0 18 36 45
Eco-check 9 0 73 9
Industrial ecologv and svmbiosis 0 9 36 54
Process simulation 0 64 18 18
Process optimization 0 64 18 27
Process svnthesis 0 27 36 64
Process integration 0 27 45 36
Computer-Aided Molecule Design 
ICAMD)
0 9 45 45
Integrated Product and Process 
Design
0 18 9 54
Lifetime process optimization 0 18 36 54
Eco-efficiencv 0 9 54 27
Supplv chain simulation 0 45 18 18
Supply chain optimization 0 27 27 36
Databases 0 27 81 9
Web tools supporting collaborative 9 27 63 9
working
Web access to environmental and 
design data
0 18 81 9
Web tools to access computational 
methods
1
8
18 45 9
12a) Referring to the above question, should research be supported on new tools not 
include in the above table?
YES NO Suggestions:
13) Are new technologies needed?
YES 100%
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14) Would additional work or information on the following technologies benefit 
sustainability?
Technologies Not
needed
Already
adequately
known
Mor
infoi
need
e
rmation
ed
Needs
more
R&D
Design for product recycle 0 9 55 55
Process intensification 0 0 45 73
Economic small-scale processes 0 0 55 55
Bulk chemicals from renewables 9 0 18 82
Novel chemicals 9 0 36 73
Fuel cells 9 9 9 82
Solar cells 18 9 0 82
Wind power 9 45 36 18
Development of highlv-selective 
catalvsts
0 0 18 90
Production-scale chromatographv 9 0 36 64
Carbon-dioxide capture and 
reiniection
27 18 0 64
Supercritical separators, and 
reactors
0 9 36 73
Greater use of microbiological 
processes
9 0 27 82
14a) Is work needed on new technologies not anticipated in the above table?
YES NO Suggestions:
15) Would a new web portal dedicated to sustainability in the chemical process 
industries be of value?
YES NO YES (1*“ round) 55% NO (1** round) 27%
16) If a new portal were provided, what information should it hold?
YES NO YES NO
Metrics 100% 0
Incentives 50% 33%
Tools/methods 100% 0
Technologies 100% 0
News 75% 16%
Publications 100% 0
Other 12.5% 0
17) Do you feel we should establish an international network of workers in the area to 
promote exchange of best practice?
WO YES (1*‘ round) 55% NO (1*‘ round) 18%
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Appendix 3. 3*^** Round Delphi Study
SUPREME
Sustainable Production and Growth for the Chemical
Process Industries
A Delphi Consultation: Round 3
This document is the third and final round of the Delphi consultation. We are aiming to 
receive all responses by 19* September so that we can prepare the final report for the 
European Union by the end of September. This time there will no feedback on the results. 
However, if you wish, we will provide you with a copy of the report that we will submit to the 
European Union.
There following four sections:
The questions on which we sought your views. We give feedback on the results, but do not 
require any further responses.
Our ranking of the responses, on which we will base our advice to the EC.
Three new questions that arose as part of the feedback. We would like your response to these 
questions. We will not be able to give you an opportunity to revise your views on these 
questions so will take the responses as merely indicative.
A short set of questions aimed at getting your views on the value of the consultation and the 
way that it was conducted. Future workers may wish to leam the strengths and weaknesses as 
perceived by the participants.
1. The topics on which we sought your views.
We give the first and second round responses for the combined set of industrial and academic 
participants. For the second round, we also give the académie and industrial responses 
separately, for the questions where there seems to be a statistical difference.
For questions (1) to (11), we give the projected reduction in pollution over a 10-year period. 
We appreciate that the absolute value may have less significance than the ranking. For 
subsequent questions, we give the percentage of participants supporting each proposition.
1) Can the following metrics (applied on their own) result in a significant improvement 
in environmental performance?
round combined 2"“* round combined 2"'* round academics 2"'* round industries
Metrics Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Dow/Jones 1.5% 2.5% 2% 3% 1 % 1.5% 2.5% 3.5%
FTSE4Good 1% 2.5% 0.5% 1 % 0.5% 1.5% 0% 0%
GRI 2.5% 5.5% 2% 3.5% 0.5% 1.5% 4% 4%
IChemE 0.5% 1.5% 1% 1.5% 1.5% 1.5% 0.5% 1%
Total o f  all 4.5% 5.5% 5% 6% 4% 5% 7.5% 5.5%
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2) Could the goal of profitability on its own stimulate reduced pollution?
1** round combined 2"‘* round 
combined
2*“* round 
academics
2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
9.5% 20% 7.5% 10% 9% 12.5% 6% 5%
3) Could IPPC, and similar regulations, applied on their own result in significant 
reduction in pollution?
round combined 2"‘* round combined 2"^  round academics 2"^* round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
9.5% 10% 13% 12% 17.5% 14.5% 8% 6%
4) If it where the only tool employed, what reduction in pollution would be achieved by 
switching taxation from people and products to pollution?
round combined 2"^  round combined 2"^  round academics 2"** round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
21.5% 13% 22% 12.5% 20.5% 12% 24% 13%
5) Is management concern for the environment alone sufficient to drive sustainability?
round combined 2"^  round combined 2"^  round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
4% 6% 4.5% 4.5% 4% 6% 4.5% 3.5%
6) Could shareholder pressure, as the only incentive, stimulate reduced pollution?
round combined 2"^* round combined 2"^* round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
4% 6% 4% 4.5% 2.5% 3.5% 5% 5%
7) Could pressure from employees alone stimulate reduced pollution?
round combined 2"^  round combined 2"^  round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
3% 5% 1.5% 3% 3% 3.5% 0.5% 1%
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8) Could customer pressure, applied alone, be sufficient to stimulate low-pollution 
products and processes?
1*‘ round combined 2"** round combined 2"^  round academics 2*“* round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
6% 6% 5.5% 5.5% 7.5% 6.5% 3.5% 3.5%
9) Can public image alone significantly stimulate manufacturers to produce low- 
polluting products by low-polluting processes?
1®‘ round combined 2"^  round combined 2"^  round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
5% 6% 5% 3.5% 7.5% 1.5% 3.5% 3.5%
10) Can the goal of long-term sustainability stimulate companies to employ low- 
polluting processes to make low-polluting products?
1*‘ round combined 2"^  round combined 2"'* round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
6.5% 6.5% 8% 6.5% 9% 7% 7.5% 6.5%
11) Can release permits, as the only tool, cause a significant reduction in pollution?
1*‘ round combined 2"** round combined 2"^  round academics 2"^  round industries
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard
Deviation
Mean Standard • 
Deviation
14% 14.5% 14% 12% 19.5% 13% 7.5% 7%
Social performance questions:
In these answers the results of the 2"^  round show that none of the incentives is considered 
important by more than 50% of participants.
la) Can the following metrics result in improved social performance? (Improved 
human rights, improved safety etc).
2"^  round combined
Metrics Yes No
Dow/Jones 25% 50%
FTSE4Good 17% 58%
GRI 25% 50%
IChemE 8% 67%
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6a) Could shareholder pressure, as the only incentive, stimulate improved social 
performance? (Improved human rights, improved safety etc).
round combined 2"‘* round combined
Yes No Yes No
42% 28% 50% 50%
7a) Are employees prepared to accept less pay to work for an organization with a superior 
social and environmental record?
round combined 2"^  round combined
Yes No Yes No
30% 53% 33% 67%
8a) Are customers prepared to pay more for low-polluting products made by low-polluting 
processes?
round combined 2"^  round combined
Yes No Yes No
58% 42% 42% 58%
8b) Are customers prepared to pay more for products made in humane facilities respecting 
human rights?
2"^  round combined
Yes No
42% 58%
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12) What tools will be of value in designing and operating a sustainable chemical industry
NOTE: The first column refers to the first round results and the second column to the 
second round results.
Not
needed
Already
adequately
known
More
information
needed
More R&D 
needed
Tools and methods L‘ C i s t C i s t C f S t C
Stakeholder dialogue 0 0 45 33 55 58 0 0
EMS 0 0 45 58 45 33 9 0
Env Critical Assessment & Waste 
Minimization Methodology
0 0 18 25 36 41 45 25
Eco-check 9 8 0 8 73 67 9 0
Industrial ecology/symbiosis 0 8 9 8 36 33 54 50
Process simulation 0 0 64 75 18 8 18 8
Process optimization 0 0 64 66 18 17 27 17
Process synthesis 0 0 27 17 36 8 64 50
Process integration 0 0 27 33 45 42 36 33
CAMD 0 0 9 8 45 8 45 75
Integrated product and process design 0 8 18 0 9 17 54 58
Lifetime process optimization 0 8 18 0 36 33 54 42
Eco-efficiency 0 0 9 17 54 58 27 17
Supply chain simulation 0 0 45 58 18 25 18 8
Supply chain optimization 0 0 27 33 27 33 36 25
Databases 0 0 27 17 81 75 9 0
Web tools for collaborative working 9 17 27 8 63 67 9 0
Web access to env. and design data 0 0 18 0 81 83 9 0
Web tools for computational methods 18 8 18 0 45 75 9 0
12a) Referring to the above question, should research be supported on new tools not included 
in the above table?
2"^* round combined
Yes No Maybe
8% 33% 8%
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14) Would additional work or information on the following technologies benefit 
sustainability?
Not needed Already
adequately
known
More
information
needed
More R&D 
needed
Technologies ist C ist C ist C ist C
Design for product recycle 0 0 9 8 55 25 55 67
Process intensification 0 0 0 0 45 17 73 83
Economic small-scale processes 0 0 0 0 55 25 55 67
Bulk chemicals from renewables 9 17 0 0 18 0 82 75
Novel chemicals 9 8 0 0 36 8 73 75
Fuel cells 9 8 9 8 9 0 82 83
Solar cells 18 17 9 8 0 0 82 75
Wind power 9 8 45 42 36 33 18 8
Highly selective catalysts 0 0 0 0 18 0 90 92
Production scale chromatography 9 0 0 0 36 25 64 67
C 02 capture and reinjection 27 33 18 8 0 8 64 42
Supercritical separators/reactors 0 0 9 8 36 17 73 75
Greater use of microbiological 
processes
9 17 0 0 27 17 82 67
14a) Is work needed on new technologies not anticipated in the above table?
2"** round combined
Yes No
17% 25%
15) Would a new web portal dedicated to sustainability in the chemical process 
industries be of value?
1** round combined 2"^  round combined
Yes No Maybe Yes No
55% 27% 18% 67% 25%
16) If a new portal were provided, what information should it hold?
round combined 2"^ ' round combined
Yes No Yes No
Metrics 100% 0 83% 17%
Incentives 50% 33% 50% 50%
Tools/Methods 10#% 0 92% 8%
Technologies 10&% 0 92% 8%
News 75% 16% 58% 42%
Publications 10&% 0 75% 25%
Other 12.5% 0 8% 92%
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17) Do you feel we should establish an international network of workers in the area to 
promote exchange of best practice?
round combined 2"^* round combined
Yes No Maybe Yes No
55% 18% 27% 67% 25%
2, Ranking of responses 
Incentives for reducing pollution.
Below we give the rankings of the most effective incentives as perceived the combined panel 
of the academics and the industries in the 2^  ^round of the Delphi study.
Academics:
Switching taxation (20.4%)
Release permits (19.5%)
IPPC and similar regulations (17.5%)
Long-term sustainable businesses (8.75%)
Profitability (8.75%)
Industries:
Switching taxation (23.75%)
IPPC and similar regulations (7.9%)
Release permits (7.5%)
Long-term sustainable businesses (7.5%)
Combined
Switching taxation (22%)
Release permits (14%)
IPPC and similar regulations (12.7%)
Long-term sustainable businesses (8.125%)
Profitability (7.29%)
It will he observed that, between the two rounds, the standard deviation reduced. Thus, a 
greater degree of consensus was achieved. Interesting arguments and individual comments 
supported the positions taken, and will be included in the final documentation.
Tools for developing and operating better processes
Below you can find the separate rankings in descending order according of preference for the 
tools and methods believed to need more Research and Development. The European Union is 
interested in this criterion because (along with other studies) it helps determine research 
priories.
2"^  round combined results:
CAMD (75%)
Integrated product and process design (58%)
Process synthesis (50%)
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3) Technologies that may be important for developing new and more sustainable 
processes
2"^  round combined results:
Development of Highly selective catalysts (92%) 
Process intensification (83%)
Fuel cells (83%)
Bulk chemicals from renewables (75%)
Novel chemicals (75%)
Solar cells (75%)
Supercritical separators/reactors (75%) 
Production scale chromatography (67%)
Design for product recycle (67%)
Greater use of microbiological processes (67%) 
Economic small-scale processes (67%)
3. New questions.
3.1) USA attitudes. Some of the feedback that we received implies that US attitudes to 
pollution are different from European attitudes. For example press reports (in the “Observer” 
as one example) compare the UK and Texas. Thus, Texas has only 1/3 the UK population, 
and Texas has a significantly smaller industrial base. However, apparently, Texas produces 
over 3 times the pollution of the UK. There is a suggestion that European goals of reducing 
pollution are hampered because the cost of reducing pollution risks making European 
products less competitive. In preparing our original questionnaire, such a difference had not 
occurred to us. As a consequence of the suggestion, we ask the following questions:
Yes No
Do US and European authorities approach pollution differently?
Do US and European companies approach pollution differently?
Do differences hamper European attempts to reduce pollution?
3.2) CEFIC Responsible Care Programme: The possible impact of the CEFIC 
“Responsible Care” programme was raised. We had not put this topic as a question 
previously. We add a question now.
Do you believe that the CEFIC Responsible Care programme, if applied on its own, 
would have a significant effect in reducing pollution?
Tick 
if yes
Tick 
if no
Will cause following reduction in pollution over 10 yrs
0 -5 % 5-10% 10 -20% 20-50% >50%
3.3) Sustainability Network: There was majority support for a network to link workers with 
interests in sustainability. If such a network were established should it:
Tick if  Yes
Be based on strengthening existing networks and links between them for 
example groupings based on professional institution interest groups?
Be a completely different network, independent of existing networks?
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4. Feedback on conduct of the consultation.
Do you think that the questions were fairly selected and reasonable reply options were 
provided?
YES NO
Do you feel that the “for” and “against” arguments were fairly put (or summarized) for 
the second round consultation?
YES NO
You personally are unlikely to agree with all the rankings in the various headings. 
Nevertheless, do you believe that the first few in each ranking include options that a 
representative cross-section of people in the industry would agree with? For example, do 
you consider that, of the first 6 in each ranking, probably most people will agree that 4 
or more should be included in the first 6, although not necessarily in the final sequence?
YES NO
The EC funded this small study to help them formulate policy (particularly R&D 
policy), in the area of “Sustainability”. We are aware that we only covered the pollution 
vs profit aspects of sustainability. Our output will certainly not be their only input in 
this area, and the EC are unlikely to take our rankings unmodified by other 
information. Recognizing these limitations, do you consider that it is valid to commend 
these conclusions to the EU?
YES NO
Please add any final comments that you have on the consultation.
At this point we would like to thank you all for devoting your time in helping us complete this 
study, and for the additional information that you offered WHEN asked to comment on our 
results. The completion of this consultation would be impossible without your thoughtful 
input. We would like to assure all the participants once more that we will treat all individual 
responses confidentially.
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Appendix 4. Statistical analysis interpretation
Calculating Means
There are two problems in computing means and standard deviations for the Delphi study. 
The first is to compute the mean and standard deviation for each size range. The second is to 
combine the means and standard deviations from separate size ranges.
Mean and standard deviation from within one size range.
We have no reason to suppose that there is any particular preference within a size range. For 
example, if size range a% to a] is selected (for example, we may have ai = 20% and a% = 50%), 
we can assume that the choice is randomly distributed within the range. Statistically, we say 
that the probabilities are uniformly distributed in the range. In these circumstances, the 
probability density function is
([) = l/(a2 -  ai) (1)
The mean value is then:
Xm = lx(|)dx (2)
(Bounds of integration, ai to aa)
Thus,
Xm — (l/2)(a2 ai^)/(a2 — a%) = (a2 + ai)/2 (3)
The expected result is obtained that the mean is the mid-point of the range.
The standard deviation is:
= J(x- XnO^(t)dx (4)
Hence
<5 ^ — (a2 - ai)^/12 (5)
It follows that the standard deviation is the range divided by root 12, or about 0.288 of the 
range.
Where all the answers are in one range, the standard deviation is computed from equation (5). 
Combining statistics from different ranges.
Consider two groups of results. One has a mean of Xmi and the other has a mean of x„ .^ 
There are Ni observations in group 1 and N2 observations in group 2. If these had come from 
a large number of observations, they may have arisen as follows:
nil observations of size Xi 
ni2 observations of size X2  
And so on.
If we have sufficient observations, the following summation would give the same result as an 
integration:
Ni =ni i+ni 2 + .. = Snii (6a)
NiXim = niiXi+ni2X2 + .. = SniiXi (6b)
Nicr/ = nii(xi - +  n u ( x 2 -  X imf  +  ■■ =  Lnii(xi - XiJ^ (6c)
Equation (6a) gives the total number of observations, equation (6b) the mean and equation 
(6c), the standard deviation.
Equation (6c) can be expanded and summed to give:
NiCTi^  — EuiiXj - NiXim (6d)
We can now combine the statistics from two separate populations to give:
N = Ni +N 2 (7a)
NXm = NiXmi + N2Xm2 (7b)
Equations (7a) and (7b) give trivial results. Thus, the total number of observations in the two 
groups is the sum of the number of observations in each group. Similarly, the mean is the 
weighted sum of the means of the two groups.
The standard deviation of the two groups is slightly more complex to derive. We first add 
two equations of the form of equation (6c). Thus,
(Ni + N2)ct^  = E nii(X i - Xim f  +ZU2 i(Xi - Xim)^  (7c)
Expanding the square terms and summing each power of x, we get:
Na^ = EniiXj  ^+En2iXi^  - Nxm^  (7d)
When we do not know all the individual observations, we cannot compute the first two terms 
on the right-hand-side of equation (7d). However, we can substitute from equation (6d). We 
then get:
= NiGi  ^+ NiXim^  + N2C5’2^  + N2X2 m^ " NXm (7e)
The physical significance of equation (7e) is that the mean standard deviation for more than 
one group of observations is the mean of the standard deviations of each of the groups plus 
the variance of the means. The equation corresponds to common sense. If the means for each 
group were the same, the terms in x would cancel and we would get the variance as a mean 
for the variances of the groups. Similarly, if the variances of each group were zero, the sigma 
terms would be omitted, and we would simply get the variance of the means (the same as 
equation 6d).
As a simple example, consider that we have the following data:
Size range 0% 2 observations
Size range 0 -  5% 5 observations
Size range 10 -  20% 3 observations.
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We perform the calculations using the following formulae. Total from data. Mean from 
equation (3) and variance from equation (5).
Then we have for each group
Group 1, N = 2, mean = 0, variance = 0, standard deviation = 0.
Group 2, N = 5, mean = 2.5, variance = 25/12 = 2.08, standard deviation = 1.44.
Group 3, N = 3, mean = 15, variance = 100/12 = 8.333, standard deviation = 2.88.
We combine the groups with the following equations. Total from equation (7a), extending the 
equation for more than 2 groups. Mean from equation (7b), extending the equation for more 
than 2 groups. Variance from equation (7e), extending the equation for more than 2 groups.
Total observations for all groups = 2+5+3 = 10.
Mean for all groups = (0 + 5*2.5 + 3*15)/10 = 5.75 
10*(Variance for all groups)
= (2*0 + 5*2.0833 + 3*8.333) + 2*0 + 5*2.5  ^+ 3*15  ^-  10*5.75^
Hence, variance for all groups = 41.104 
Standard deviation = 6.41
Chrysoula Tsoka 2005
Appendix 5. Compact form of results
This appendix is prepared so that the complete set of answers to all three rounds can be seen 
at a glance on one page. This compact (plain text) format also facilitates direct input to a 
computer program, if subsequent workers wish to undertake a more sophisticated analysis.
The keys to the answers in the compact form can be found below.
Key Q's 1 to 11, Q3.2 A = No/0%, B = 0-5%, C = 5-10%, D = 10-20%, E = 20-50%, F = 50- 
70%, X = omitted
Q's 12 & 14, A = N—, B = -A—, C = BA—, D = —M-, E = B-M-, F = BAM-,
G = —R, H = N-R, H = -A-R, I = BA-R, J = -MR, K = B-MR, L = BAMR,
N=-AM-, 0=-AMR, X = omitted
In these questions, N = Not needed, A = already known, M = more info, R = more R&D
Column Keys: Ql=question 1, a= question la,or relevant, 2=question 2,...., 2SEEE IPPPP 
GILES SDWWW= question 12a and 12 and the initials of each tool and method, 4DPEB 
NFSWD PCSG= question 14a and 14 and the initials of each of the technologies listed in the 
tables
Moreover, for all the rounds 1= Yes, 0= No
Finally, Il=Industry panel member 1, 12= Industry panel member 2, 13= Industry panel 
member 3,14= Industry panel member 4,15= Industry panel member 5
Al= Academic 1, A2= Academic 2, A3= Academic 3, A4= Academic 4, A5= Academic 5, 
and 01= Other panel member 1, 02= Other panel member 2
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R I Q1 a 2 3 4 5 6 a V a S a b  9 0 1  2 S E E E I P P P P G IL E S SDWWW 4D P E B NFSW D P C S G - 1 5 1 6 1 7
I I AAAXA l l X X l BBEAAO A O A l-  ABX -D B D D AGGGB GDXBD DXXXX -X G G J G J J B G X D X X - 1 1 1 1 1 lix 0
1 2 BABAC 1 0 1 0 1 D C D C D l A lA O -  DBG -B B D G GBBGG DGGDG DDDDB -DGGG DGGDG A G D G - 1 1 0 1 1 0 1 0 1
1 3 x x x x x XXXXX B B E A B l A O A O - BAX -D D X D G J  J  J  J DXDXX XDDDD -D D D D GGGJG GGGG- 1 1 X 1 1 XIX 1
1 4 XXAXX 1 1 X 0 1 CXDAXO A O A O - AAE -D D D A B BB B B GGDDB BBADD -DGGG GHHBG GGGG- 1 1 0 1 1 lix 0
1 5 AAAAA 0 0 0 X 0 X X E A A l AOAO- ACX -D B D D AGGGB GDXBD DXXXX -XGGG GGGBG X D X X - X x x x x XXX X
A l XXXXD l l X X l ADDXAO A l C l -  XAB -B B X X XXBXD BXXGG GDDXX -G D D G GGGDG D G B D - 1 1 X 1 1 lix 0
A 2 XXXXX XXXXX AAXAAO AOXO- A XA -B D J D J D D J D G D J J X GDBNX - J J J J JG G B J J G J J - 1 x x x x XXX 1
A 3 BAABB 1 0 0 X 1 A E E D C l B I D O -  CDE -B B G D J B B G J GGGDB BDDDD -G JG G AGGGG G AG A- 1 1 1 1 1 lix 1
A 4 AAAAA 0 0 0 0 0 C D E C C l E l E l -  CCD -D D D D GBGGD GGGDB DDDDD -G G DG ,GDGDD D B D G - 0 xxxx XXX 1
A S AAAAA 0 0 0 0 0 CBDAAO B O C O - CAE -D B E D D BBAB DGGDB GONNN -H G DG JGGBG G H J J - 1 1 1 1 1 lix 1
0 1 XXDBD 0 0 1 1 1 A D E C B l A O C l-  BDD -D B B D D B BB B DBBDD D D BDA -D D D A DAAAG GAGG- 0 xxxx XXX 1
0 2 AAAAA 0 0 0 0 0 FDCDDO C X D O - DDX -DG G D GBBDD DGGGD GDGGG -GGGG GGGBG GGGG- 1 1 1 1 1 1 1 1 1
R 2 Q1 a 2 3 4 5 6 a V a S a b 9 0 1 2 S E E E I P P P P C IL E S SDWWW 4D P E B NFSW D P C S G - 1 5 1 6 1 7
I I DDDAD 1 1 0 0 1 CACCDO AOBOO CDC OBBGD GGGGG GGDBB BDDDD OGGGG GGABG GAGG- 1 1 0 1 1 lix 1
1 2 CACAC 1 0 1 0 1 D D E B C l Bien CCE ODBDD DBDGG GGGDD GDDDD IG G G A GGGDG DGGG- 1 1 1 1 1 0 0 0 1
1 3 XXXXX XXXXX BBE A B X AXAXX BAX XDDXD G J J J J DXDXX XDDDD XDDDD GGGJG GGGG- 1 1 X 1 1 X IX 1
1 4 XXAXX 0 0 0 0 0 C C D B B l AOBOO AAA XDDDA B BB B B GGDDB BBADD IDG GG GHHBG GGGG- 1 1 0 1 1 lix 0
1 5 AAAAA 0 0 0 0 0 BCDCAO AOAOO ACA ODBBB AB BX B GAABB BBADD XBGGG GGGBG G A G A - 0 XXXX XXX 0
A l XXXXD XXXXX ADDXAX AXCXX XAB XBBXX XXBXD BXXGG GDDXX XGDDG GGGDG D G B D - 1 1 X 1 1 lix 0
A 2 XXXXB m i l B B C A A l AOAOO CCD XBDDD G B B B J DGGGB DDDDD XJGGG GGGDG GGGG- 1 1 1 1 1 X IX 1
A 3 BAABB XXXXX AEEDCX BXDXX CDE XBBGD J B B G J GGGDB BDDDD XGJGG AGGGG G A G A - 1 1 1 1 1 lix 1
A 4 AAAAA 0 0 0 0 0 CDEBCO C l D l l CDD XDDDD GBGGD GGGDB DDDDD OGGDG GGGDG D B D G - 0 1 0 1 1 oox 0 •
A 5 B BB B B 0 0 0 0 0 CBEAAO C O C ll CAE ID B N D JNNG B GGDDD GDDDD XGGDG GGGBG G G J J - 1 1 1 1 1 lix 1
0 1 AACBC O O lO X A D E C B l A O C IO BDD ID B B D DBBGB GDDDB DD BD A ODGGA DAAAG G AGG- 0 x x x x XXX 1
0 2 AAAAA 0 0 0 0 0 EDDCAO AOAOO CDD XDDGD GBBDD GDGDD DDDDD XGGGG GGGBG G DGG- 1 1 1 1 1 1 1 1 1
R 3 0 3  .1 0 3  . 2 0 3 . 3 0 1  0 2 0 3 0 4
I I 1 1 0 I D 1 0 1 1 1 1
1 2 1 1 1 1C 1 0 1 1 1 1
1 3 1 1 1 XX 1 0 1 1 1 1
1 4 XXX 1C 1 0 1 1 1 1
1 5 XXX I B 1 0 0 1 1 1
A l XXX XX XX X X X X
A 2 1 0 0 OA 1 0 1 1 1 1
A 3 XXX XX XX X X X X
A 4 1 1 1 OA 1 0 1 1 1 1
A 5 1 1 1 l E 1 0 1 1 1 1
0 1 1 1 0 I B 1 0 1 1 1 X
0 2 1 0 1 1C 1 0 1 1 1 1
Appendix 6. Sustainability Ontology for the Environmental Sector
Sustainability
• Incentives
• Economic
• Profitability
• Legislation
• Regulations
• Fiscal changes
• Shareholder concern
• Environmental
• Pollutant trading
• Environmental conscience
• Social
• Employee concerns
• Public image
• Long term sustainable business
• Metrics
• Sustainability indicators indexes
• Dow Jones sustainability index
• Corporate sustainability
• Sustainability investment
• Global report initiative
• FTSE4Good index
• Environmental .
• Efficiency/Resource usage
• Energy 
Electricity 
Fuel oil 
Gas 
Coal 
Steam
Materials 
Raw
Recycled/Re-used 
Regenerated 
Hazardous 
By-products 
Wastes 
Water
Cooling 
Processed 
Recycled 
Wastewater 
Land
Occupied 
Supplementary 
Restored 
Polluted
Pollution (emissions/efduents/wastes)
• Air 
• Acidification
• Sulphur dioxide
• Ammonia
• Hydrogen chloride
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Nitrogen dioxide 
Sulphuric acid 
Global warming 
Carbon dioxide 
Carbon monoxide 
Carbon tetrachloride 
Chlorodifluoromethane, R22 
Chloroform
Chloropentafluoroethane, R115 
Dichlorodifluoromethane, R12 
Dichlorotetrafluoroethane, R114 
Difluoroethane 
Hexafluoro ethane 
Methane
Methylene chloride 
Nitrous oxide 
Nitrogen oxides (NOx)
Pentafluoroethane, R125 
Perfluoromethane 
T etrafluoroethane 
Trichloroethane, (1, 1, 1)
Trichlorofluoromethane, R11 
Trichlorotrifluoroethane, R113 
Trifluoroethane, R143a 
Trifluoromethane, R23 
Volatile Organic Compounds 
[uman health 
Acrylamide 
Acrylonitrile
Antimony and compounds except stibine, as Sb 
Arsenic and compounds except arsine, as As 
Azodicarbonate 
Benzene
Berylium and compounds 
Bis (chloromethyl) ether 
Buta-1, 3-diene 
Cadmium and compounds 
Cadmium oxide fume 
Carbon disulphide
1-Chloro-2, 3-epoxypropane 
Chromium (VI) compounds 
Cobalt and compounds 
Cotton dust 
1, 2-dibromoethane 
1 ,2-dichloroethane 
Dichloromethane
2-2'-Dichloro-4,4 '-methylene dianiline (MbOCA) 
Diethyl sulphate 
Dimethyl sulphate 
2-Ethoxyethanol 
2-Ethoxyethyl acetate 
Ethylene oxide 
Formaldehyde 
Grain dust 
Hardwood dust 
Hydrazine 
lodomethane
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Isocyanates, all 
Maleic anhydride 
Man-made mineral fibre
2-Methoxyethanol
2-Methoxyethyl acetate 
4-4 '-methylenedianiline 
Nickel and organic compounds
2-Nitropropane 
Phthalic anhydride 
Polychlorinated biphenyls (PCB) 
Propylene oxide 
Rubber fume 
Rubber process dust 
Silica respirable crystalline 
Softwood dust 
Styrene
o-Toluidine
Triglycidyl isocyanurate (TGIC) 
Trimellite anhydride 
Vilylidene chloride 
Wool process dust 
Ozone depletion 
CFG-11 
CFG-12 
CFC-113 
CFC-114 
CFC-115 
CFC-13 
CFC-111 
CFC-112 
CFC-212 
CFC-213 
CFC-214 
CFC-215 
CFC-216 
CFC-217 
Halon-1211 
Halon-1301 
Halon-2402 
Carbon tetrachloride 
1, 1, 1-trichloroethane 
Methyl bromide 
HCFC-21 
HCFC-22 
HCFC-31 
HCFC-121 
HCFC-122 
HCFC-123 
HCFC-124 
HCFC-131 
HCFC-132 
HCFC-133 
HCFC-141 
HCFC-141b 
HCFC-151 
HCFC-221 
HCFC-222
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HCFC-223 
HCFC-224 
HCFC-225 
HCFC-225ca 
HCFC-225cb 
HCFC-226 
HCFC-231 
HCFC-232 
HCFC-233 
HCFC-234 
HCFC-235 
HCFC-241 
HCFC-242 
HCFC-243 
HCFC-244 
HCFC-251 
HCFC-252 
HCFC-253 
HCFC-261 
HCFC-262 
HCFC-271 
Photochemical ozone 
• Alkanes
Methane 
Ethane 
Propane 
n-Butane 
i-Butane 
n-Pentane
1-Pentane 
n-Hexane
2-Methylpentane
3-Methylpentane 
2, 2-Dimethylbutane 
2, 3-Dimethylbutane 
n-Heptane
2-Methylhexane
3-Methylhexane 
n-Octane 
2-Methylheptane 
n-Nonane 
2-Methyloctane 
n-Decane 
2-Methylnonane 
n-Undercane 
n-Dodecane 
Cyclohexane 
Methyl cyclohexane
Alkenes
Ethylene 
Propylene
1-Butene
2-Butene 
2-Pentene
1-Pentene
2-Methylbyt-1 -ene
3-Methylbyt-1 -ene
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• 2-Methylbyt-2-ene
• Butylene
• Isoprene
• Styrene 
Alkynes
• Acetylene 
Aromatics
• Benzene
• Toluene
• o-Xylene
• m-Xylene
• p-Xylene
• Ethylbenzene
• n-Propylbenzene
• i-Propulbenzene
• 1 ,2 ,3-Trimethylbenzene
• 1, 2, 4-Trimethylbenzene
• 1 ,3 ,5-Trimethylbenzene
• o-Ethyltoluene
• m-Ethyltoluene
• p-Ethyltoluene
• 3 , 5-Dimethylethylbenzene
• 3 ,5-Diethyltoluene 
Aldehydes
• Formaldehydes
• Acetaldehyde
• Propionaldéhyde
• Butyraldéhyde
• i-Butyraldehyde
• Valeraldehyde
• Benzaldehyde 
Ketones
• Acetone
• Methylethylketone
• Methyl-i-butylketone
• Cyclohexanone
Alcohols
Methyl alcohol
Ethyl alcohol
i-Propanol
n-Butanol
i-Butanol
s-Bytanol
t-Butanol
Diacetone alcohol
Cyclohexanol
Esters
• Methyl acetate
• Ethyl acetate
• n-Propyl acetate
• i-Propyl acetate
• n-Butyl acetate
• s-Butyl acetate 
• Organic Acids
• Formic acid
• Acetic acid
• Propionic acid
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• Ethers
• Butyl glycol
• Propylene glycol methyl ether
• Dimethyl ester
• Methyl-t-butyl ether
• Halocarbons
• Methyl chloride
• Methylene chloride
• Methylchloroform
• Tetrachloroethylene
• Trichloroethylene
• cis 1, 2-Dichloroethylene
• trans 1, 2-Dichloroethylene
• Other pollutants
• Nitric oxide
• Nitrogen dioxide
• Sulphur dioxide
• Carbon monoxide
Water
• Acidification
• Aquatic oxygen 
Acetic acid 
Acetone
Ammonium nitrate in solution 
Ammonium sulphate in solution 
Chlorotrifluoroethane 
1, 2-Dichloroethane (EDC) 
Ethylene 
Ethylene glycol 
Ferrous ion 
Methanol
Methyl methacrylate 
Methylene chloride 
Phenol
Vinyl chloride 
Ecotoxicity 
• Metals
Arsenic 
Cadmium 
Chromium 
Copper 
Iron 
Lead
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 
Other substances 
Ammonia 
Benzene
Carbon tetrachloride 
Chloride 
Chlorobenzene 
Chloroform 
Cyanide
1, 2-Dichloroethane (EDC)
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Formaldehyde 
Hexachlorobenzene 
Hexachlorobutadiene 
Methylene chloride 
Nitrobenzene 
Nitrophenol 
Toluene
Tetrachloroethylene (EPR) 
Trichloroethylene (TRI)
Xylenes
• Eutrophication
• Nitrogen dioxide
• Nitrogen monoxide
• Nitrogen oxide
• Ammonia
• Nitrogen
• Phosphoric tetraoxide
• Phosphorus
• COD
• Waste level
• Land
• Hazardous wastes
• Solid
• Liquid
• Non-hazardous wastes
• Solid
• Liquid
• Economic
• Profit/V alue/T ax
• Investments
• Direct
• Indirect
• Social
• Workplace
• Employment situation
• Health and safety
• Society 
Tools/Methods
• Systems employing human ingenuity
• Stakeholder dialogue
• EMS
• Environmental critical assessment/waste min methodology
• Eco-check
• Computer based methods
• Simulation
• Process simulation
• Supply chain simulation
• Optimization
• Process optimization
• Supply chain optimization
• Lifetime optimization 
Process synthesis 
Process integration 
Industrial ecology and symbiosis 
Integrated product 
Process design
Computer Aided Molecule Design
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• Eco-effïciency
• Databases
• Web tools
• Collaborative working
• Computational methods access
• Enviromnental and design data access
Technologies
• Recycle design
• Process intensification
• Process integration
• Economic small scale processes
• Chemicals
• Novel chemicals
• Bulk chemicals from renewables
• Fuel cells
• Solar cells
• Wind power
• Catalysts
• Highly selective catalysts
• Chromatography
• Production scale chromatography
• Carbon dioxide capture and reinjection research
• Supercritical separators and reactors
• Microbiological processes 
Groups
• International forums
• Networks
• Committees
• Organisations
• Governmental
• Non-governmental
• University programs
• Research groups 
Information
• News
• Magazines
• Newsletters
• Research
• Scientific journals
• Publications
• Books
• Conferences 
Regional information
Africa 
Asia 
Europe
North America 
South and central America 
Oceania 
Sectors
• Environmental aspect
• Air
• Climate change
• Carbon and emissions trading
• Causes
• Carbon dioxide
• Deforestation and land use changes
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• Fossil fuels
• Greenhouse gases
• Energy efficiency
• Impacts
• Ozone layer
• Pollution
• Renewable energy
• Alternative energy
• Biomass
• Solar energy
• Wind power
• Geothermal
• Alternative fuels
• Energy efficiency
• Water
• Land
• Ocean 
Economic aspect 
Social aspect
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Appendix 7. Investment companies interviews
Investment Company 1
1) Do you use the Dow-Jones sustainability indices in planning or assessing 
your investments?
1a) If "yes", do you use the indices for special ethical funds, or generally?
2) Do you use the FTSE4Good index in planning or assessing your 
investments?
2a) If "yes", do you use the index for special ethical funds, or generally?
3) Do you use the sustainability metrics of the Global Reporting Initiative 
(GRI) in planning or assessing your investments?
3a) If "yes", do you use the metrics for special ethical funds, or generally?
4) Do you use the Institution of Chemical Engineers (IChemE) sustainability 
metrics in planning or assessing your investments?
4a) If "yes", do you use the metrics for special ethical funds, or generally?
5) Do you use release of global warming gases per tonne of product in 
assessing investments?
5a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported?
6) Do you use release of acid gases per tonne of product in assessing 
investments?
6a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
7) Do you use release of ozone-depleting gases per tonne of product in 
assessing investments?
7a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
8) Do you use release of carcinogens (to air, water dr landfill) per tonne of 
product in assessing investments?
8a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
9) Some processes inevitably produce liquid waste that causes a Biological 
Oxygen Demand (BOD) when discharged. Do you use release of BOD per 
tonne of product in assessing investments?
9a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
10) Similarly, some companies discharge heavy metals (lead, cadmium and 
so on). Do you use such releases per tonne of product in assessing 
investments?
10a) If "yes", do you rank investments, or merely downgrade companies 
that have been unfavourably reported (for example, prosecuted)?
11) In assessing investments, do you give credit for the environmental 
performance of companies that exceeds all regulatory requirements? For 
example, there are companies that have reduced all discharges/tonne 
product (to air, water and landfill) by over 75% in the last 10 years; they 
have mechanisms in place that may produce further reductions of similar 
proportions in the coming years.
1 la ) If "yes" where do you obtain the information on which you base the 
assessment?
11b) The University of Surrey have a parallel EU-supported project that 
aims to put all such information online in an easily-accessible form. Would 
such an "environmental portal" be helpful?
12) Do you invest in companies that, as a main business, use or process 
radioactive materials (for example, nuclear power companies)?
13) A number of processes inevitably produce radioactive by-products._____
NO
NO
NO
NO
NO
YES
YES
YES
YES
YES
YES
YES
The company. 
Don’t know. 
YES
YES
YES
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Examples include, manufacture of phosphorus compounds from mineral 
sources, processing titanium ores, processing niobium ores and large scale 
energy production from coal-fired power stations. Do you consider 
investing in any companies that produce or use these products?
13a) If "yes" do you assess the measures that they take to dispose of their 
by-products safely?
14) In many cases, UK environmental regulations are more stringent than 
international regulations. Companies may find the cost of adhering to UK 
regulations excessive and shift production elsewhere. For example, the 
radioactive material Thorium is used in welding rods and gas mantles. 
Production of some of these products has been shifted to Cyprus where the 
regulations meet international standards, but are less stringent than UK 
regulations. Do you compare different national environmental (and safety) 
regulations in assessing investments?
14a) Do you downgrade companies that shift production to take advantage 
of differences in national regulations?
14b) If "yes", how do you assess why a production facility has been shifted? 
For example, "lower labour cost" might be a valid reason for shifting 
production, especially where it results in investment in third world countries. 
No company will actually announce that it is shifting because UK (or other) 
environmental/safety regulations are "excessively stringent".
15) Do you take account of other industry-based procedures for assessing 
and minimizing environmental impact? As specific examples, are you 
aware of?
15a) "Eco-efficiency" which is a tool for comparing the environmental and 
economic performance of different processes so that the best balance 
between cost and pollution can be judged.
15b) "Eco-check" which is a panel-based method used by some companies 
that includes representatives of suppliers and customers along with 
technical experts, to assess the overall economic and environmental impact 
of a product and its associated processes. The idea is that by looking 
critically at how the product is used, it may be possible to reduce or 
eliminate the environmental impact of the product through its complete life 
cycle, including final disposal of the product at the end of its useful life. In 
some cases, completely new non-polluting alternatives are identified.
15c) "HAZOP" a panel-based method that assesses the hazard that might 
arise from every conceivable failure that might arise in the process. The 
process is then redesigned to eliminate or minimize the hazards.
15d) "Process Synthesis", a computer-aided method of automatically 
generating and assessing millions of process variants, in order to identify 
promising options that might never be discovered by panel-based methods, 
even taking thousands of man-years.
16) Do you rank companies by lost-time accidents and accidental deaths in 
service?
16a) If "yes", do you rank simply by prosecutions, or by the margin by which 
performance exceeds industry norms?
16b) Also, if "yes", do you take account of the formal procedures that 
companies routinely employ to minimize hazards to the public and their 
employees?
16c) If you use such information, where do you obtain the data?
NO
NO
YES
YES
NO
YES
NO
NO
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Investm ent C om pany 2
1) Do you use the Dow-Jones sustainability indices in planning or assessing 
your investments?
1a) If "yes", do you use the indices for special ethical funds, or generally?
2) Do you use the FTSE4Good index in planning or assessing your 
investments?
2a) If "yes", do you use the index for special ethical funds, or generally?
3) Do you use the sustainability metrics of the Global Reporting Initiative 
(GRI) in planning or assessing your investments?
3a) If "yes", do you use the metrics for special ethical funds, or generally?
4) Do you use the Institution of Chemical Engineers (IChemE) sustainability 
metrics in planning or assessing your investments?
4a) If "yes", do you use the metrics for special ethical funds, or generally?
5) Do you use release of global warming gases per tonne of product in 
assessing investments?
5a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported?
6) Do you use release of acid gases per tonne of product in assessing 
investments?
6a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
7) Do you use release of ozone-depleting gases per tonne of product in 
assessing investments?
7a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
8) Do you use release of carcinogens (to air, water or landfill) per tonne of 
product in assessing investments?
8a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
9) Some processes inevitably produce liquid waste that causes a Biological 
Oxygen Demand (BOD) when discharged. Do you use release of BOD per 
tonne of product in assessing investments?
9a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
10) Similarly, some companies discharge heavy metals (lead, cadmium and 
so on). Do you use such releases per tonne of product in assessing 
investments?
10a) If "yes", do you rank investments, or merely downgrade companies 
that have been unfavourably reported (for example, prosecuted)?
11) In assessing investments, do you give credit for the environmental 
performance of companies that exceeds all regulatory requirements? For 
example, there are companies that have reduced all discharges/tonne 
product (to air, water and landfill) by over 75% in the last 10 years; they 
have mechanisms in place that may produce further reductions of similar 
proportions in the coming years.
1 la ) If "yes" where do you obtain the information on which you base the 
assessment?
11b) The University of Surrey have a parallel EU-supported project that 
aims to put all such information online in an easily-accessible form. Would 
such an "environmental portal" be helpful?
12) Do you invest in companies that, as a main business, use or process 
radioactive materials (for example, nuclear power companies)?
13) A number of processes inevitably produce radioactive by-products. 
Examples include, manufacture of phosphorus compounds from mineral 
sources, processing titanium ores, processing niobium ores and large scale 
energy production from coal-fired power stations. Do you consider
NO
NO
NO
NO
NO
NO
NO
NO
NO
NO
YES
Company 
reports (*)
YES
YES
YES
NO
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investing in any companies that produce or use these products?
13a) If "yes" do you assess the measures that they take to dispose of their 
by-products safely?
14) In many cases, UK environmental regulations are more stringent than 
international regulations. Companies may find the cost of adhering to UK 
regulations excessive and shift production elsewhere. For example, the 
radioactive material Thorium is used in welding rods and gas mantles. 
Production of some of these products has been shifted to Cyprus where the 
regulations meet international standards, but are less stringent than UK 
regulations. Do you compare different national environmental (and safety) 
regulations in assessing investments?
14a) Do you downgrade companies that shift production to take advantage 
of differences in national regulations?
14b) If "yes", how do you assess why a production facility has been shifted? 
For example, "lower labour cost" might be a valid reason for shifting 
production, especially where it results in investment in third world countries. 
No company will actually announce that it is shifting because UK (or other) 
environmental/safety regulations are "excessively stringent".
15) Do you take account of other industry-based procedures for assessing 
and minimizing environmental impact? As specific examples, are you 
aware of?
15a) "Eco-efficiency" which is a tool for comparing the environmental and 
economic performance of different processes so that the best balance 
between cost and pollution can be judged.
15b) "Eco-check" which is a panel-based method used by some companies 
that includes representatives of suppliers and customers along with 
technical experts, to assess the overall economic and environmental impact 
of a product and its associated processes. The idea is that by looking 
critically at how the product is used, it may be possible to reduce or 
eliminate the environmental impact of the product through its complete life 
cycle, including final disposal of the product at the end of its useful life. In 
some cases, completely new non-polluting alternatives are identified.
15c) "HAZOP" a panel-based method that assesses the hazard that might 
arise from every conceivable failure that might arise in the process. The 
process is then redesigned to eliminate or minimize the hazards.
15d) "Process Synthesis", a computer-aided method of automatically 
generating and assessing millions of process variants, in order to identify 
promising options that might never be discovered by panel-based methods, 
even taking thousands of man-years.
16) Do you rank companies by lost-time accidents and accidental deaths in 
service?
16a) If "yes", do you rank simply by prosecutions, or by the margin by which 
performance exceeds industry norms?
16b) Also, if "yes", do you take account of the formal procedures that 
companies routinely employ to minimize hazards to the public and their 
employees?
16c) If you use such information, where do you obtain the data?___________
NO
YES
NO
YES
NO
(*) Information will be obtained from company reports and meetings with companies and 
feedback to financial analysts to make them aware that the company is operating at best 
practice (if this is the case) and that it is managing its exposure to non-fmancial risks.
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Investm ent C om pany 3
1) Do you use the Dow-Jones sustainability indices in planning or assessing 
your investments?
1a) If "yes", do you use the indices for special ethical funds, or generally?
2) Do you use the FTSE4Good index in planning or assessing your 
investments?
2a) If "yes", do you use the index for special ethical funds, or generally?
3) Do you use the sustainability metrics of the Global Reporting Initiative 
(GRI) in planning or assessing your investments?
3a) If "yes", do you use the metrics for special ethical funds, or generally?
4) Do you use the Institution of Chemical Engineers (IChemE) sustainability 
metrics in planning or assessing your investments?
4a) If "yes", do you use the metrics for special ethical funds, or generally?
5) Do you use release of global warming gases per tonne of product in 
assessing investments?
5a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported?
6) Do you use release of acid gases per tonne of product in assessing 
investments?
6a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
7) Do you use release of ozone-depleting gases per tonne of product in 
assessing investments?
7a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
8) Do you use release of carcinogens (to air, water or landfill) per tonne of 
product in assessing investments?
8a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
9) Some processes inevitably produce liquid waste that causes a Biological 
Oxygen Demand (BOD) when discharged. Do you use release of BOD per 
tonne of product in assessing investments?
9a) If "yes", do you rank investments, or merely downgrade companies that 
have been unfavourably reported (for example, prosecuted)?
10) Similarly, some companies discharge heavy metals (lead, cadmium and 
so on). Do you use such releases per tonne of product in assessing 
investments?
10a) If "yes", do you rank investments, or merely downgrade companies 
that have been unfavourably reported (for example, prosecuted)?
11) In assessing investments, do you give credit for the environmental 
performance of companies that exceeds all regulatory requirements? For 
example, there are companies that have reduced all discharges/tonne 
product (to air, water and landfill) by over 75% in the last 10 years; they 
have mechanisms in place that may produce further reductions of similar 
proportions in the coming years.
1 la ) If "yes" where do you obtain the information on which you base the 
assessment?
11b) The University of Surrey have a parallel EU-supported project that 
aims to put all such information online in an easily-accessible form. Would 
such an "environmental portal" be helpful?
12) Do you invest in companies that, as a main business, use or process 
radioactive materials (for example, nuclear power companies)?
13) A number of processes inevitably produce radioactive by-products. 
Examples include, manufacture of phosphorus compounds from mineral 
sources, processing titanium ores, processing niobium ores and large scale 
energy production from coal-fired power stations. Do you consider
YES
Sustainability
Fund
NO
YES
Both
YES
Both
YES
Rank
YES
Rank
YES
Rank
YES
Rank
YES
Rank
YES
Rank
YES
EPA bodies and
companies
YES
Not on our 
sustainability 
fund 
YES
YES
YES
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NO
(*)
YES
YES
YES
investing in any companies that produce or use these products?
13a) If "yes" do you assess the measures that they take to dispose of their 
by-products safely?
14) In many cases, UK environmental regulations are more stringent than 
international regulations. Companies may find the cost of adhering to UK 
regulations excessive and shift production elsewhere. For example, the 
radioactive material Thorium is used in welding rods and gas mantles.
Production of some of these products has been shifted to Cyprus where the 
regulations meet international standards, but are less stringent than UK 
regulations. Do you compare different national environmental (and safety) 
regulations in assessing investments?
14a) Do you downgrade companies that shift production to take advantage 
of differences in national regulations?
14b) If "yes", how do you assess why a production facility has been shifted?
For example, "lower labour cost" might be a valid reason for shifting 
production, especially where it results in investment in third world countries.
No company will actually announce that it is shifting because UK (or other) 
environmental/safety regulations are "excessively stringent".
15) Do you take account of other industry-based procedures for assessing 
and minimizing environmental impact? As specific examples, are you 
aware of?
15a) "Eco-efficiency" which is a tool for comparing the environmental and 
economic performance of different processes so that the best balance 
between cost and pollution can be judged.
15b) "Eco-check" which is a panel-based method used by some companies 
that includes representatives of suppliers and customers along with 
technical experts, to assess the overall economic and environmental impact 
of a product and its associated processes. The idea is that by looking 
critically at how the product is used, it may be possible to reduce or 
eliminate the environmental impact of the product through its complete life 
cycle, including final disposal of the product at the end of its useful life. In 
some cases, completely new non-polluting alternatives are identified.
15c) "HAZOP" a panel-based method that assesses the hazard that might 
arise from every conceivable failure that might arise in the process. The 
process is then redesigned to eliminate or minimize the hazards.
15d) "Process Synthesis", a computer-aided method of automatically 
generating and assessing millions of process variants, in order to identify 
promising options that might never be discovered by panel-based methods, 
even taking thousands of man-years.
16) Do you rank companies by lost-time accidents and accidental deaths in 
service?
16a) If "yes", do you rank simply by prosecutions, or by the margin by which 
performance exceeds industry norms?
16b) Also, if "yes", do you take account of the formal procedures that 
companies routinely employ to minimize hazards to the public and their 
employees?
16c) If you use such information, where do you obtain the data?___________
(*) although we do not necessarily down grade a company, we evaluate what risk there is of 
operating to double standards. Where necessary we may employ our proprietary global 
researcher network “Grassroots” who are able to evaluate company environmental and social 
performance practices first hand at the local level
YES
NO
YES
YES
Company 
reports, industry 
bodies, health 
and safety 
bodies
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Appendix 8. Website functionality
Website functionality 
Introduction
As it was discussed before a web site was established early in the project. This web site can 
be found at httn://prise-serv.ct)e.suiTev.ac.uk/sunreme. This site has proved to provide a 
valuable two-way channel for communication. The plan is to build on this conventional web 
site by providing a “Sustainability Portal” giving efficient structured access to Sustainability 
information and tools. This activity is already underway.
The purpose of this website (http://nrise-serv.cne.surrev.ac.uk/sunreme/) is to increase 
awareness of results and disseminate ideas, facts, results and services to the industry, while 
gathering and collecting business needs and requirements.
The aim of this project is for the web site of the SUPREME project to become progressively a 
major channel for reaching the Chemical Engineering industry. It constitutes a 
communication platform enabling information and knowledge to be shared between experts. 
Additionally, it provides the important function of providing a channel for workers in related 
areas to access relevant up-to-date information. The ultimate purpose of the improvement of 
this web site is the merging of all the previously mentioned functions of the knowledge 
management platform and the GATE application, into this web site in order to transform it 
into a multiple portal that will improve and safeguard the knowledge about sustainable 
development.
The web site currently consists of the following areas:
Website Home page 
Relevant Links list 
Contact Information 
Project Objectives 
Methodology 
Delphi study 
Collaboration 
Participate
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• Sustainability Definition
• Supreme project presentation
• IChemE Assembly 2003 presentation
Web-site features:
All the pages may be accessed with one single mouse-click from any place of the site. 
The format of the layout and the fonts are in a consistent manner used throughout the 
website
The following sections describe in detail the functionality of the web site.
Website home page
Description: The home page is the first page accessed when visiting the Website. It contains 
introductory information about the Project and information about the Delphi Consultation.- 
“Sustainable Production and Growth fo r the Chemical Process Industries 
Access rights: for all the users
Layout: The following figure is a capture of the home page as it is currently displayed on the 
browser
Figure 1. Home page
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File Edit View F av o rite s  Tools Help
(^Back " y  Search Favorites Media
Address |@ h ttp i//prise-serv .cp e.surrey.ac.uk/supreme/delphiStudy 1.asp 
\  Home Links
SUPREME z  "
C E U IWbrnwrkn Sockw
: S i r s t a lm a b ii l ty r  
d s f l n î t î ü r ï  i
Suprem e Pm{ect ; Prcsonurkm  ^:
ASMmplY 2003
g )D one
i OPjectives McinoOology Delphi stuoy Collaboration Participate ^
Sustainable Production and Growth for 
the Chemical Process Industries
A Delphi Consultation. 
Purpose.
This c onsu lt a ti on  Is d e s ig n e d  to  elicit t h e  views of  a r e p r e s e n ta t i v e  cross  se c t ion  of p e o p le  working 
in indu st ry ,  a c a d e m ia  a n d  o th e r  p ro fe s s io n a l  a r e a s  co n c e rn e d  with t h e  che mical  p ro ce ss  
i ndus t r ies .  T h e  ob jective is to  provide  t h e  E u ro p e an  Union with advice  on  t h e  m o s t  effective  ways 
of p ro m o t in g  s u s t a i n a b l e  growth in t h e s e  i ndus t r ies .  A parti cular  conc ern is to  d i s s e m i n a t e  b e s t  
practice a n d  pr ioreti ze  a r e a s  of r e s e a r c h  a n d  d e v e l o p m e n t  which m a y  b e  c o - f u n d e d  by t h e  EC. We 
a re  n o t  p r e s u p p o s i n g  t h a t  any  cours e  of  action  would b e  t h e  b es t .  T h e  co n su lt a ti o n  is b a s e d  on 
topics r a i s e d  in a  n u m b e r  of he lpful  d i sc u ss io n s  with s e n io r  indust r ia l is ts  a n d  a c a d e m ic s .  We do 
n o t  e x p e c t  every  p a r t n e r  in t h e  c onsu lt a ti on  to  h a v e  a view on  every  to p ic  ra i sed .  P l e a s e  f ee l  f ree  
t o  o m it  answer ing any q u e s t i o n  which you f ee l  would t a k e  an  e x c e s s i v e  a m o u n t  of your  t i m e  to  
r esea rch .  We h a v e  tr ied to  m a k e  r e s p o n s e s  e a s y  by requi ring j u s t  a t ick a g a i n s t  t h e  a n s w e r  you 
co n s id e r  to  b e  m o s t  ap p ro p r i a t e .  We h o p e  t h a t  t h e  r e s p o n s e s  will requ i re  n o t  m o re  t h a n  30 
m in u t e s  of yo ur  t im e .  We h a v e  p u t  su p p o r t in g  t e x t  for  ea ch  q u e s t i o n  giving s o m e  of t h e  pros  a n d  
cons.  However,  you can  sk ip t h e  t e x t  a n d  go  s t r a ig h t  to  t h e  q u e s t i o n s  if you prefer.  Each q u e s t io n  
h a s  a hyperlink back  to  t h e  r e l e v a n t  su p p o r t in g  t e x t ,  a n d  e ach  se c t ion  of t e x t  h a s  a  hyperl ink 
ba ck  to  t h e  n e x t  q u es t i o n .  In this  way. we h o p e  t h a t  you can t r a v e r s e  t h e  d o c u m e n t  with t h e  
m in i m u m  of t im e  a n d  effort.
We a re  allowing up  to  two w e e k s  to  rece ive your r e s p o n s e s .  We will t h e n  a n a ly s e  t h e m  to  
a sce r ta in  where t h e r e  is c o n s e n s u s ,  a n d  where t h e r e  is a d iv e rg e n c e  of view. W e will s e n d  o u t  a 
s e c o n d  ve rs ion of t h e  c onsu lt a ti on  in forming  you  of t h e  s p r e a d  of  r e s p o n s e s  a n d  t h e  a r g u m e n t s  
fo r e x t r e m e  pos it ion s .  This In fo rma t io n  will give you t h e  oppor tu n i ty  to  rev i se  your  views, if you 
co n s id e r  it to  b e  a p p ro p r ia te .
We do  n o t  e x o e c t  to  h a v e  a s k e d  all t h e  rioht  Ques t io ns  in_the m o s t  a p o ro p ri a t e w  a  y. P l e a s e  f ee j
i ! ! I A  Internet
Links
Description: This page contains a list of links relevant to the project.
Access rights: for all the users
Layout: There are currently no links listed to the website 
Contact
Description: The contact page allows the users to contact the support team of the project. 
The users may fill in the details for contact like: Surname, Name, email address. Subject and 
the Notes.
User’s actions:
Send. When this action is performed an email is sent to the predefined email address. 
Back. When the user presses this button it will be redirected in the previous page 
Access any one of the available links from the top or the left menu 
Access rights: for all the users
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Layout: The following figure is a capture of the home page as it is currently displayed on the 
browser
Figure 2. Contact
- ' Idi-jiu-j: £.;}j!yr='i
File Edit View Favorites Tools Help
@Back
Address | @  http ; //prise-serv. cpe. surrey. ac.uk/supreme/index .asp?color=i
>Favorkes MediaSearch
Go
C ontact
SUPREME
: OD/eCTive: Kirtnodoiogy oclphi stuüy collaooratlon participate
C o n ta c t  u s
S u s t a ln a b iî l ty i  
d e f in i t io n  |-
My e-m ail
S ub jec t
pfcscnlaUon t B ac k  S e n d
Internet
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Project objectives
Description: This page described the objectives of the project as it is shown in the figure 
bellow.
User’s actions: there is no specific action a user can make in this page. Any of the available 
links can be accessed.
Access rights: for all the users
Layout: The following figure is a capture of the home page as it is currently displayed on the 
browser
Figure 3, Project Objectives
: ' - ùÜL/uj'j.h hjia.'ju:
File Edit View Favorites Tools Help i f *
^&Back " t::,/ '  |%1 iJseai'ch Y^ f'FaYorltas ^X^ Madla " I J :
'V ia ' i ~J L.—-J ; /  i / . .. .
Address http ://prise-serv .cpe,surrey.ac.uk/supreme/index,asp?top=lB(Color=2 ’ Link
SUPREME
S i iS t a in a a i f l iy :
aefinlitorss
Supreme Pm/t Prewputiom
icmcmE Asompw ptscntJikin k
Home Links C ontact
Objectives Vetnoooiogv ooicnlstuOY coliaooratlon participate  ^ ]
O objectives
This pro jec t  h a s  t h r e e  pr imary  g o a ls :
1) To a sce r ta in  what  m e a s u r e s  of susta inab i l i t y  a re  currently 
e m p l o y e d  (particularly by t h e  chemical  a n d  p ro ce s s  indust r ie s ).
2) To asce r ta in  t h e  m e t h o d s  t h a t  a re  b e in g  e m p l o y e d  to  d e s ig n  a n d  o p e r a t e  m o re  efficient 
s u s t a i n a b l e  p r o c e s s e s .
3) To r e c o m m e n d  t h o s e  t e c h n i q u e s  t h a t  a re  m o s t  effective  in delivering p ro fi ta b le ,  s u s t a i n a b l e  
p r o c e s s e s  a n d  to  identify new, or im p ro v e d ,  t e c h n i q u e s  with t h e  p o t en t i a l  fo r de liv erin g b e t t e r  
sus tainabil i ty .
iglDone
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M ethodology
Description: The Methodology area describes the five main threads of the study.
User’s actions: there is no specific action a user can make in this page. Any of the available 
links can be accessed.
Access rights: for all the users
Layout: The following figure is a eapture of the home page as it is currently displayed on the 
browser
Figure 4. Methodology
' ' Jjji.'juj' i/plur.*r
File Edit View Favorites Tools Help 
(^Back " y- Search ; Favorites Media
Address | (Ej| http ; //prise-serv. cpe, surrey. ac.uk/supreme/index. asp?top=2&color=3
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M e th o d o lo g y
The s tu d y  h as  five m ain tfire a d s :
1) A survey of l ead in g  che mical  a n d  p ro ce ss  c o m p a n i e s  (including 
Small  to  M edium Enterp r ises ).  This su rvey  a lm s  to  d e t e r m i n e  t h e  
e x t e n t  to  which th e y  a re  aware  of su s ta inab i l i t y  g o a ls ,  t h e  e x t e n t  to  
which th e y  currently r ep o r t  a n d  de p lo y  su s ta inab i l i t y  m et r ic s ,  a n d  t h e  
too ls  t h a t  t h e y  h a v e  u s e d  success fu lly to  Im prove  t h e  sus ta inab il i ty  
of t h e i r  o p e ra t io n s .  We include to o ls  u s e d  to  m a k e  b e t t e r  d e s ig n s ,  to  
o p e r a t e  p r o c e s s e s  m o re  efficiently,  a n d  t o o ls  u s e d  to  e n s u r e  
su s t a i n a b l e  sup ply  chains.  This su rv ey  will b e  s u p p o r t e d  by 
consu lt a ti on  with Industry a s so c i a t i o n s ,  p ro fe s s io n a l  Insti tu tio ns  a n d  
l ea d in g  a c a d e m ic s  to  a d v is e  on  s t r e n g th s  a n d  w e a k n e s s e s  In t h e
2) Face to  face  d i sc u ss io n s  with a sm a l l ,  b u t  r e p r e s e n ta t i v e ,  c ro s s - sec t io n  of  o p e ra t o r s  
a n d  e x p e r t s  In t h e  field.
d e s ig n e r s
3) A m u ch  wider consu lt a ti on  to  d e t e r m i n e  f u tu re  priorit ies e m p lo y in g  a "Delphi" m e th o d o l o g y .
4) O n e  or m o re  p r e s e n t a t i o n s / w o r k s h o p s  to  d i s s e m i n a t e  In fo rma t io n  t o  a n d  s e e k  active  in p u t  
f ro m  a c a d e m ic s  a n d  Indust ria l is ts  In t h e  che mical  a n d  p r o c e s s  Indu str ies.
5) P re p a ra t io n  of a  r ep o r t  Identifying t h e  m o s t  effective  t e c h n o lo g ie s  currently b e in g  ap p l i e d  a n d  
highlight ing fu tu re  r e s e a rch  priori t ies t o  a s s i s t  t h e  che mical  a n d  p r o c e s s  Indus t r ie s  a s  we work to  a 
s u s t a i n a b l e  society.
T h ro u g h o u t ,  we will rec ogn ize  t h a t  t h e  chemical  a n d  p ro ce s s  Indust r ie s  a re  p a r t  of a n  In te rac tin g 
netw ork  of activities. T h e  Indus t r ies  piay a key role In t h a t  t h e y  provide  t h e  raw m a t e r i a l s  ( m e t a l s ,  
f ib res,  p h a rm a c eu t i ca l s ,  p i g m e n t s  etc)  u s e d  by o t h e r  Indus tr ies .  F u r th e rm o re ,  t h e y  a re  a  m a jo r  
sourc e  of d i sc h a rg es  to  t h e  e n v i ro n m en t .  T h e  Indust r ie s  necessa r i l y  p ro d u ce  b y -p ro d u c t s  which 
h a v e  to  b e  d i s p o s e d  of in s o m e  m a n n e r ,  a n d  a lso  o p e r a t e  t h e  p r o c e s s e s  t h a t  d i s p o s e  of w a s t e s
I i ®  Internet
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Delphi study
Description: this area provides the access of the registered users to the available
questionnaires. The users who access the link must provide the usemame/password in order to 
be able to access the section of the questionnaires. After providing the username and the 
password the page displayed in the Figure 5 will be opened.
User’s actions: the user may access any of the available links displayed in the page.
Access rights: for the registered users
Layout: The following figure is a capture of the home page as it is currently displayed on the 
browser
Figure 5. Delphi study
File Edit View Favorites Tools Help
^ ^ B a c k  "  t |C ]  F? / ] '  Search Favorites Media
Address http;//prise-serv.cpe.surrey.ac.uk/supreme/forms.asp?color=4&top=3
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Objective; Mctnoooiogv Delphi study Collaboration Partlcioate
D elphi S tudy  1 Round 
D elphi S tudy  2""^  Round
2"^ ro u n d  re s u lts  an d  3"* ro u n d  o f th e  D elphi S tudy
I©  Internet
The link Delphi Study round provides the user with the access to the questionnaire with 
the same name. Following page is opened when the user accesses the link:
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Figure 6. D elphi study f irs t step
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Sustainable Production and Growth for 
the Chemical Process Industries
A Delphi Consultation. 
Purpose.
This c onsu lt a ti on  is d e s ig n e d  to  elicit t h e  views of  a r e p r e s e n ta t i v e  cross  s ec t io n  of  p e o p ie  working 
in indus try ,  a c a d e m i a  a n d  o t h e r  p ro fe s s io n a l  a r e a s  co n c e rn e d  with t h e  chemical  p ro ce s s  
IChemE indu st r ies .  T h e  objec tive is to  provide  t h e  E u ro p e an  Union with advice  on  t h e  m o s t  e ffective ways
Aisomoîy 2ÛSS of p ro m o t in g  s u s t a i n a b l e  growth in t h e s e  i ndu st r ies .  A part icu la r con cern is to  d i s s e m i n a t e  b e s t
prMenUUon # practice a n d  pr ioreti ze  a r e a s  of r e s e a r c h  a n d  d e v e l o p m e n t  which m a y  b e  c o - f u n d e d  by t h e  EC. We
a re  n o t  p r e s u p p o s i n g  t h a t  any  course  of ac tion would b e  t h e  b e s t .  T h e  c o n su lt a ti o n  is b a s e d  on 
topics  r a i sed  in a n u m b e r  of help fu l d i sc u s s io n s  with s e n io r  indus tr ia l is ts  a n d  a c a d e m ic s .  W e do 
n o t  e x p e c t  every  p a r tn e r  in t h e  co n su lt a ti o n  to  h a v e  a view on  every  topic  r a i sed .  P l e a s e  f ee l  f re e  
to  o m i t  answer in g  any  q u e s t i o n  which you f ee l  would t a k e  a n  e x c e s s i v e  a m o u n t  of your  t i m e  to  
r e se a rch .  We h a v e  t r ie d to  m a k e  r e s p o n s e s  e a s y  by requi ring j u s t  a  t ick a g a i n s t  t h e  a n s w e r  you 
c o n s id e r  to  be  m o s t  a p p ro p r i a t e .  We h o p e  t h a t  t h e  r e s p o n s e s  will requ i re  n o t  m o r e  t h a n  30  
m in u t e s  of your  t i m e .  We h a v e  p u t  s u p p o r t i n g  t e x t  for  e a c h  q u e s t i o n  giving s o m e  of t h e  p ros  a n d  
cons.  However,  you can  skip  t h e  t e x t  a n d  go  s tr a ig h t  to  t h e  q u e s t i o n s  if you prefer.  Each q u e s t i o n  
h a s  a hyperlink ba c k  to  t h e  r e l e v a n t  s u p p o r t i n g  t e x t ,  a n d  ea ch  sec t io n  of t e x t  h a s  a hype rlink  
b a c k  to  t h e  n e x t  q u e s t io n .  In th is  way, we h o p e  t h a t  you  can t r a v e r s e  t h e  d o c u m e n t  with t h e  
m i n i m u m  of t im e  a n d  effort.
We a re  allowing up  to  two w e e k s  to  rece ive your r e s p o n s e s .  W e will t h e n  a n a ly s e  t h e m  to  
a s ce r ta in  where t h e r e  is c o n s e n s u s ,  a n d  where t h e r e  is a  d iv e rg e n c e  of view. W e will s e n d  o u t  a 
s e c o n d  ve rs ion of t h e  c onsu lt a ti on  in forming you  of t h e  s p r e a d  of r e s p o n s e s  a n d  t h e  a r g u m e n t s  
fo r e x t r e m e  pos it ion s .  This in fo rm a t io n  will give you  t h e  oppor tu n i ty  to  rev is e  yo ur  views, if you 
c o n s id e r  it to b e  ap p ro p r ia te .
We do  n o t  exo ect_ to  h a v e  a s k e d  all t h e  no  h t  o u e s t i o n s  in t h e  m o s t  a oD roor ia te  wav. P l e a s e  f ee l
^  ! i s ^ .In te r n e t  :
In the bottom of the page each user may provide the answers to the topics on which the study 
refers. The topics are in total 17 and provide the users with some predefined values and the 
radio buttons that may be checked by the users to indicate their option.
The link Delphi Study round provides the user with the access to the questionnaire with 
the same name. Following page is opened when the user accesses the link: http.V/nrise- 
serv.cpe.surrev.ac.uk/suprenie/delphiStudv2.asp
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Figure 7. Delphi study second step
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^ ^ B a c k  S earch / ^ F a v o r i t e s  Media ^
Address | @  http ; //prise-serv. cpe. surrey. ac .uk/supreme/delphiStudy2. asp V  ' Goî i Links
5UPREMI
Home Links
1
s Sustalfiabjllty: 
definition ‘
Sopmme Pm) ProMntatlon
Assompiy 2003 
présentation |r
'Û  Done
0  Objectives Metbodoiogy Doipnl study Collaboration Participate
Sustainable Production and Growth for 
the Chemical Process Industries
A Delphi Consultation: Round 2. 
Purpose.
This c onsu lt a ti on  is d e s i g n e d  to  elicit t h e  views of a r e p r e s e n ta t i v e  cross  sec t ion  of  p e o p le  working 
in indus try ,  a c a d e m i a  a n d  o th e r  p ro fe s s io n a l  a r e a s  co n c e rn e d  with t h e  chemical  p ro ce ss  
i ndus t r ies .  T h e  objec tive is to  provide t h e  Eu ro p ean  Union with advice  on  t h e  m o s t  effective  ways 
of p ro m o t in g  s u s t a i n a b l e  growth in t h e s e  indust r ie s .  This c o n su lt a ti o n  g ives  f e e d b a c k  on  t h e  
r esu l ts  of t h e  first  round  of consu lt a ti on .  For r e s p o n s e s  requi ring a  y e s / n o  answer ,  we give t h e  
p ro p o r t io n s  su p p o r t in g  e a ch  posit ion .  For answ ers  in which a s p r e a d  of op in ion was s o u g h t ,  we 
give t h e  a v e r a g e  a n d  a m e a s u r e  of s p r e a d  ( th e  s t a n d a r d  devia t io n ) .  W h e re  t h e r e  were outlying 
op in io ns  (for e x a m p l e ,  very few s u p p o r t e d  a po s it io n ,  or very few g a v e  such  a n  e x t r e m e  
pred ic tio n) ,  we h a v e  a s k e d  for s u p p o r t i n g  a r g u m e n t s .  For e a ch  to p ic  on  which t h e r e  were out lying 
p o s it io n s ,  we give t h e  s u p p o r t i n g  a n d  o p p o s in g  a r g u m e n t s .  I t  sh o u ld  b e  e m p h a s i z e d  t h a t  an  
" e x t r e m e "  posit ion  m a y  n o t  differ drastically f ro m  t h e  m e a n ;  we j u s t  s u p p o r t  or o p p o s e  w h a te v er  
pos it ion  is f u r t h e s t  f ro m  t h e  m e a n ,  or h a s  very little s u pport .  ’We a ls o  provide  a r g u m e n t s  a n d  
c o u n te r - a r g u m e n t s  fo r pos it io ns  s u p p o r t e d  by a  sma l l  minor ity of part i ci pan ts .  In a n u m b e r  of 
c a s e s ,  you will f ind t h e  a r g u m e n t  fo r  t h e  " e x t r e m e "  pos it io n  p e r s u a s iv e  a n d  m a y  dec id e  t o  rev ise 
you  opin ion . Alternatively,  you m a y  find t h e  i n fo rm a t io n  on  t h e  g e n e ra l  views of o t h e r  m e m b e r s  
of t h e  p a n e l  p e r s u a s iv e  in ch an g in g  your  view. In  o t h e r  c a s e s ,  you m a y  d e c id e  t h a t  your  original  
view ho lds.  Note t h a t  when se v e ra l  r e s p o n d e n t s  p rov id ed  a r g u m e n t s  for a p o s it io n ,  we h a v e  
m e r g e d  sim ila r a r g u m e n t s  a n d  include all t h e  di ss imi la r  a r g u m e n t s .  T h u s ,  you m a y  find qu i te  
di ff e re n t  a r g u m e n t s  s u p p o r t i n g  t h e  s a m e  pos it ion .
T h e  objective of th is  s e co n d  rou n d  c onsu lt a ti on  is to  give p a n e l  m e m b e r s  a n  op por tu n i ty  to  revi se  
t h e i r  views. I t  is c o m m o n  e x p e r i e n c e  t h a t ,  with t h e  an o n y m i ty  of t h e  Delphi p r o c e s s ,  p an e ll is t s  
f ind it e a s i e r  to  rev ise t h e i r  op in io ns  t h a n  t h e y  do  in a f a c e - to - f a c e  d i sc uss io n .  In th is  way, we 
con v e rg e  m o re  rapidly on  a c o n s e n s u s ,  or a g r e e  t h a t  views a re  s p re a d .
: i i ( 8  Internet
In the bottom of the page each user may provide the answers to the topics on which the study 
refers. The topics are in total 17 and provide the users with some predefined values and the 
radio buttons that may be checked by the users to indicate their option.
Sustainability Definition
Description; This part of the Study gives a definition and description of Sustainability and 
presents some characteristic definitions given from various industrialists (the names and 
companies are listed next to each definition)
Access rights: for all the users
Layout: The following figure is a capture of the home page as it is currently displayed on the 
browser
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Figure 8. Sustainability definition
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S u s ta in ab ility : de fin itio n
S u s t a in a b le  p rod uct ion e m p lo y s  financ ial ,  m a te r i a l ,  e n e rg y  a n d  h u m a n  
r e s o u rc e s  in a way t h a t  d o e s  n o t  d e p le t e  r e s o u r c e s  or a c c u m u la t e  w a s t e s  t h a t  
will u lt imate ly  c a u s e  p rodu ct ion to  shrink  or c e a s e .  Su staina bil i ty  m et r ic s  a im  
to m e a s u r e  t h e  e x t e n t  to  which p roduct ion  m e e t s  t h e s e  susta inab i l i t y  goa ls .
A s u s t a i n a b l e  society is o n e  in which t h e r e  is a s u s t a i n a b l e  b a l a n c e  b e tw e e n  
m a n ,  indust ry ,  agriculture a n d  t h e  en v i ro n m en t .  In  part icu la r,  d i sc h a r g e s  to  
t h e  e n v i r o n m e n t  do  n o t  e x c e e d  leve ls  t h a t  can  b e  a b s o r b e d  indefinitely.  
F u r th e rm o re ,  r e s o u r c e s  t a k e n  f ro m  t h e  e n v i r o n m e n t  do  n o t  e x c e e d  t h o s e  t h a t  
can  b e  ren e w e d  indefinitely.
Sustainab il i ty  can b e  viewed a s  a s t e a d y - s t a t e  condition or a d y n a m ic  condition.  In  t h e  s t e a d y  
s t a t e ,  eve ry  e l e m e n t  of socie ty  is b a la n c e d .  T h u s ,  b o th  every  individual indust ria l  p r o c e s s ,  a n d  
industry a s  a whole is In b a la n c e  with agricu ltu re,  m a n k i n d  a n d  t h e  e n v i r o n m e n t  such  t h a t  it is 
t a k in g  r e s o u r c e s  a n d  delivering products  a n d  w a s t e s  t h a t  can b e  c o n s u m e d  a n d  r ep l a c ed  
indefinitely.  In  t h e  d y n a m ic  s t a t e ,  s o m e  r e s o u rc e s  m a y  b e  d e p l e t e d  a n d  s o m e  in v en to r ie s  m a y  
ac cu m u la t e .  (For e x a m p l e ,  we h o p e  t h a t  s t a n d a r d s  of  living a n d  h e a l th  a re  improving) .  However,  
t h e  growth is l ea d in g  to  a s t a t e  t h a t  u l t imate ly  will b e  s u s t a i n a b l e  indefinitely.
Th is i d ea  of b a la n c e  pr ov id es  t h e  b a s i s  fo r m e a s u r in g  t h e  susta inab i l i t y  of soc iety a n d  e l e m e n t s  
within it. T h e  r e s o u r c e s  co n s id e red  include m o n e y ,  m a te r i a l ,  e n e rg y ,  i n fo rm a t io n ,  a n d  h u m a n  
re so u rc e s .  I t  is n e c e s s a r y  to  h a v e  such  m e a s u r e s  b e fo r e  we can  o r g an iz e  socie ty  in g e n e r a l ,  a n d  
industry in part icu la r,  to  m a x i m iz e  s u s t a i n a b l e  growth. This p ro jec t  is c o n c e r n e d  with t h e  
m e a s u r e m e n t  of susta inab i l i t y  a n d  t h e  d e p l o y m e n t  of m e t h o d s  to  im prove  t h e  s u s t a i n a b l e  growth 
of indust ry  ( th e  chemical a n d  p ro ce s s  industry in particular) .  I t  is co n c e rn e d  with t h e  op t im a l  
d e p l o y m e n t  of f inanc ial ,  m a te r i a l ,  e n e rg y  a n d  h u m a n  r e s o u r c e s  to  m a x i m iz e  s u s t a i n a b l e  growth.
T h e r e  a re  a g r e a t  m a n y  de fin it i ons  of sus ta inab i l i t y ,  s o m e  of which a re  
l isted below. Most show a d e s i r e  to  m a k e  soc iety b e tt e r .  However,  few a re  
sufficiently r e l a te d  to  m e a s u r a b l e  p a r a m e t e r s  to  fo rm  t h e  b a s i s  fo r 
m a k i n g  m e a s u r a b l e  i m p r o v e m e n t s .  Our  m o re  m u n d a n e  a p p ro a c h ,  b a s e d  
on  t h e  co n cep t  of b a la n c e ,  p rov id es  a  b a s i s  fo r m a k i n g  c h a n g e s  t h a t
T f r ! r . o c  rv rtf  a r l r l r a c e  f h a  w h n i a
'Û Done #  Internet
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Appendix 9. Presentation of Delphi Panel
In order to better comprehend the Delphi members and thus interpret their answers, it is 
necessary to have knowledge of the composition of the panel. As the panel members were not 
expressing their companies or University opinions, it would he wise not to mention their 
names and the companies or Universities they were working for. Instead we would like to 
give an overall idea of where the panel members came from and in which fields they were 
working on.
The total number of members was actually 13 including one member that followed the 
procedure and answer all the questionnaire quite willingly but his answers were not included 
in the statistical analysis. It was decided to do so under the scope that this individual was 
expressing opinion of a US environmental organisation, and thus was holding different 
positions than the rest of the group. Furthermore, we cannot claim to have an established 
outcome of US positions with this single contribution, enough to make some significant 
conclusions.
The rest of the group was a mixture of people working in the industry, academics and 
members of non-profitable organisations they were however included in the part of the 
industry as their job description was closer to the industrial perspective. More specifically, 
there were 5 members coming directly from the industrial field and 2 coming from 
institutions strongly related to industry and the remaining 5 coming from Universities. The 
knowledge background of people was engineering, chemical engineering and environmental 
engineering studies which made their contribution most appropriate. The companies and 
Universities were scattered geographically in United Kingdom, Holland, Finland, Germany, 
Belgium, France and Spain.
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